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A NEW ANALCITE ROCK FROM LAKE SUPERIOR 

Amon other regions on the northern shores of Lake Superior 
examined last summer by the writer for the Ontario Bureau of 
Mines the vicinity of Heron Bay, where the Canadian Pacific 
Railway first touches the lake when coming from the east, proved 
very interesting, a thick series of schist conglomerates with peb- 
bles and bowlders mainly of felsite and quartz-porphyry occur- 
ring there, mapped by Dr. Bell of the Canadian Geological 
Survey as Huronian. Along the rocky shore of the bay, and 
also in cuttings on the railway west of the station, good expo- 
sures of these rocks are seen, sometimes so rolled out that the 
forms of the pebbles are almost, or completely, lost. Crossing 
the schist conglomerates are numerous dikes, which unfortunately 
were not carefully studied owing to lack of time, though hand 
specimens of the more typical dike rocks were taken. In the 
field the dikes were considered to consist of diabase, diabase- 
porphyrite, and felsite, all common rocks in the western 
Keewatin. 

Microscopical study of the specimens obtained showed that 
the diabase and porphyrite present no unusual features, and that 
one of the felsitic-looking rocks is quartzless porphyry of a kind 
common in western Ontario. Another rock taken for felsite, 
dark red and slightly spotted with green, turns out, however, to 
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be of a new type, and will be described here because of its inter- 


esting mineralogical and chemical composition. 

The specimens were obtained near mile 804 in a cutting on 
the railway, one being chosen to represent the freshest material 
seen, another weathered, and presenting a mottling of red and 
dark green, almost suggesting a variety of amygdaloid. Sections 
of the latter specimen are so completely weathered that little of 
its original composition can be determined ; but sections of the 
fresh specimen show that the greenish spots consist almost 
wholly of feldspars having a confused radiating arrangement 
giving spherical forms; while the red part is composed of an 
isotropic base like a clear glass penetrated by radiating bundles 
of green prisms and also larger bundles of feldspar laths, brown 
with particles of iron oxide. A little calcite scattered through 
the section proves that the rock is no longer fresh. 

The vague spheres of feldspar often have an imperfect black 
cross in polarized light, and consist mainly of orthoclase, some- 
what turbid and specked with brown iron oxide, with a little of 
the green mineral intermixed. The rest of the rock contains 
some orthoclase also, but consists chiefly of the isotropic substance 
inclosing the radiating bundles of prisms referred to before. 
The green prisms are fresh in color and appearance, and are 
usually distinctly dichroic, dark green when the prism is parallel 
to the chief section of the nicol, yellowish-green at right angles 
to this position. Extinction is nearly parallel, but angles of 4% 
occur. The larger crystals sometimes have sharpened ends, 
The mineral was at first taken for hornblende, but is no doubt 
aegyrite. 

The other mineral forming radiating bundles is probably 
plagioclase, clearer parts showing twin lamellae, whose angle of 
extinction, however, could not be sharply determined owing to 
the small size of the lamellae. Many of these plagioclase strips 
are reddish-brown and almost opaque, with particles of brown 
iron ore, 

[he only other primary mineral observed, except a few 


needles of apatite, is the isotropic base in which the crystals 
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just referred to are embedded. It is clear and transparent, with 
some dusty spots, however, and has not the look of ordinary 
volcanic glass. With high powers a delicate, but distinct, sys- 
tem of cubic cleavage lines can be seen, proving that the mineral 
is isometric and therefore probably analcite, though no crystal 
forms were observed. 

An attempt was made to isolate the glassy mineral with a 
heavy solution, analcite being lighter than any other rock form- 
ing mineral belonging to eruptives, and it was found that 17 
per cent. of the powder floated when gypsum was used as an 
index (spec. grav. 2.32) ; but when examined with the micro- 
scope the powder was found to contain doubly refracting por- 
tions embedded in the isotropic ones, and some isotropic portions 
were noticed associated with the heavier minerals. Some of the 
rock was then treated with strong hydrochloric acid, when 
partial gelatinization took place, and it seemed wise to reduce 
the whole to dryness to render the silica insoluble. It was 
found that 27.76 per cent. of the whole weight went into solution, 
omitting, of course, the silica of the mineral which gelatinized 
when treated with acid. A second portion treated in the same 
way asa check gave 30.35 per cent. of soluble matter. Probably 
the first portion taken contained more of the sphaerulitic parts 
than the second. An analysis of the soluble part made by myself 


gave the following results: 


1,0; - - - 10.90 
FeO; - - 3.13 
CaO . 1.03 
MgO - - - trace 
Na,O - - - . 6.60 
K,O - . not det. 
H.O (at 100°) - - .69 
H.O (at red heat) . 4.85 
CO, . . ; ‘ -93 

28.13 


We may assume that the only minerals in the rock which 
would be appreciably dissolved by HCl are analcite, limonite, 
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and calcite. If we subtract the lime and carbonic acid, as form- 
ing calcite, and the ferric oxide with a proportionate amount of 
water (.45 per cent.), as forming limonite, we have left the 


following : 


Al,O; - - . - 10.90 807 = 1 
Na,O - - . 6.60 106 =1 
H,O (at red heat) - . 4.40 .244 = 2.28 


Reducing to molecular ratios, alumina and soda are equal, 
and water stands at 24%, proportions that correspond to those of 
analcite, except for a little too much water. 

If the alumina in analcite equals 10.90 per cent. the corre- 
sponding amount of silica, four molecules, is 25.49 per cent., 
and the whole percentage of analcite in the rock is almost 
exactly 47, nearly one half. In the second part treated 
with acid, when 30.35 per cent. proved soluble, the amount of 
analcite must be more than half the whole weight of rock taken 
If we subtract the percentages of substances found in the first 
portion of rock dissolved in hydrochloric acid from the results of 
the complete analysis, and also the proper amount of silica to 
form analcite with the alumina, soda, and combined water, we 
shall have left the materials forming the insoluble ingredients of 
the rock. 

The complete analysis given below was made by Mr. H. W. 
Charlton, his results being put in column I. In column II an 
analysis by Dr. Mann of cancrinite-aegyrite-syenite from Siksjé- 
Berg in Dalarne’ is given because of its rather close resemblance 
to No. 1; and in column III an analysis of analcite-basalt from 
the Basin, Colorado, by W. F. Hillebrand.? 

A little more than 46 per cent. of the rock remains unac- 
counted for by the partial analysis ; and if we suppose the whole 
of the potash to belong to orthoclase and the unused portion of 
iron oxide (1.40 per cent.) to belong to aegyrite, we have left 

* Neues Jahrbuch fiir Mineralogie, 1884, II, p. 193; as quoted by ZIRKEL, Lehr- 
buch der Petrographie, Band II, p. 410. 


7 WHITMAN Cross, an Analcite-Basalt from Colorado, Jour. GEOL., Vol. V, No. 


7, 1397, P 639. 
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I Ill 
SiO, . ' 52.73 51. 45-59 
TiO, 1.32 
ZrO, . 03 
Al,O, 20.05 20.47 12.98 
Fe,O 3-43 1.89 4:97 
FeO - . -99 2. 4-70 
MnO 14 | 
CaO - . 3.35 2. 11.09 
SsrO 12 
BaO Il 13 
MgO -17 97 8.36 
K,O - - 4.77 3.52 1.04 
Na,O 7:94 11.62 4-53 
H,O (at 100°) .69 Re 51 
H,O (at red heat) - 4.85 dite 3-40 
P.O; trace .27 QI 
Ci» ‘ 05 
Ct deo - .93 
100.01 101.35 99.87 
Spec. Grav. - - . 2.466 
} 
silica, alumina, lime, and soda nearly in the proportions required | 
for labradorite (Ab. 2: An. 3), though the lime and soda are | 


about one third in excess of the amount required, the excess 
being less than I per cent., however. 
Summing up the results arrived at, the minerals forming the 


rock have the following percentages : 


Analcite - 
Orthoclase - 
Labradorite 
Aegyrite 
Limonite 


Calcite 


In this computation moisture removed at 100°, unimportant 


vercentages of magnesium and barium oxides, etc., amounting 
g § 


in all to 1.47 per cent., have been neglected. 


The composition of the rock as shown by the analysis differs 


widely from that of analcite-basalt, as may be seen from a com- 
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parison of columns I and III, the latter being more basic, con- 
taining less alumina and alkalies, and far more lime and magnesia. 
It corresponds fairly well, however, to the composition of nephe- 
line syenite, the only important difference being in the amount 
of water. The syenite from Dalarne, whose analysis is given in 
column II of the table, having its nepheline weathered to a 
hydrous mineral, resembles this rock closely in composition, the 
only important difference being the larger percentage of soda. 
In their unusually low specific gravity, 2.46, also the two rocks 
are alike. 

One naturally expects to find the dike containing the rock 
above described in connection with some boss of nepheline 
syenite; but the slight examination hitherto made of the region 
by Dr. Bell and myself has not disclosed any area of that rock. 

If the analcite rock of Heron Bay had a granular texture, it 
would appropriately be named analcite-syenite, after the analogy 
of nepheline-syenite; but its peculiar structure of spherical 
groups of orthoclase embedded in a ground of analcite contain- 
ing radiating bundles of plagioclase laths and aegyrite needles 
sets it quite apart from the syenites. It will probably be wise 
to give it a separate name, and Heronite, from the name of the 
locality where it occurs, is suggested as suitable. 

Heronite may be defined as a dike rock consisting essentially 
of analcite, orthoclase, plagioclase, and aegyrite, the analcite 
having the character of a base in which the other minerals form 
radiating groups of crystals. The analcite clearly represents 
the magma left after the crystallization of the embedded min- 
erals; and it is evident that it can be formed only from a magma 
highly charged with water, and therefore under pressure. It is 
equally evident that Heronite, like other analcite rocks, cannot 
be an effusive, since under those circumstances the water would 
escape ;* and that its nearest relatives among effusive as well as 
plutonic rocks are to be found in the group containing nepheline. 

A. P. CoLeman. 


*Cf. Pirsson, Analcite Group of Igneous Rocks, Jour. GEOL., Vol. IV, No. 6, 
pp. 686-688. 
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CORUNDIFEROUS NEPHELINE-SYENITE 
EASTERN ONTARIO 


FROM 


A CONSIDERABLE area of nepheline-syenite was discovered 
about six years ago in Dungannon township, Hastings county, 
Ontario, by Dr. F. Adams, who described the rock briefly in his 
‘Report on the Geology of a portion of Central Ontario,’’ and 
more fully in the American Journal of Sctence.* In 1896 corun- 
dum was found in the same region by Mr. W. F. Ferrier, and in 
the following year Professor W. G. Miller was instructed by Mr. 
Archibald Blue, director of mines of Ontario, to examine and 
report upon the corundum-bearing rocks. In the course of his 
work it was found that the corundum occurred not only in ordi- 
nary syenites but also in nepheline-syenite.* In November 1898 
the present writer examined an outcrop of the latter rock for 
the Bureau of Mines on York branch of Madawaska River at 
the northeast corner of Dungannon township or just within Car- 
low, several miles from Dr. Adams’ localities, and presenting a 
number of new and interesting features. 

The rock forms a ridge running nearly north and south for 
about 350 yards with a width of about 20 yards, and having a 
well defined schistose character, so that at first sight it would be 
called gneiss. It is light to dark gray in color, the darker layers 
containing much biotite, the lighter ones more nepheline and 
plagioclase. On much of the weathered surface numbers of 
small crystals of corundum stand out, having resisted weather- 
ing better than the other constituents. In hand specimens of 
the unweathered rock, however, the corundum is scarcely noticed, 
and the rock has quite the appearance of fresh gray gneiss, the 
nepheline looking like quartz. 

*Geol. Surv. Can., 1892-3, Part J, p. 5; Am. Jour. Sci., Vol. XLVIII, July 1894, 
pp. 10-18. 

? Bur. Mines, Ont., Vol. VII, pp. 210-212. 
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Near the southern end of the ridge an irregular dike a few 
feet wide crosses the gneissoid rock, reminding one of pegmatite. 
It is white and consists of immense individuals of nepheline and 
muscovite, often several inches or even a foot long, with small 
patches of blue sodalite. No feldspar was seen in the dike, 
unlike examples described by Adams,’ and no corundum was 
found in it. 

As usual in nepheline-syenites there is great variation from 
point to point in the rock, easily seen on weathered surfaces and 
still more marked in thin sections. Adams finds, as essential 
ingredients of the outcrops near Bancroft, nepheline, plagioclase, 
and biotite or hornblende in small amounts; but scapolite and 
calcite usually occur, as well as various minor accessory minerals. 
Thin sections from the locality here described show more variety 
in constitution. All the minerals mentioned, except hornblende, 
occur, and the feldspars include orthoclase and also a little 
microcline as well as microperthite. The soda-lime feldspars are 
generally present in much larger amounts than the potash feld- 
spars, and seem to have a wide range in composition as deter- 
mined by optical means. A few have angles of extinction of 
1° or 5° from the twin plane and appear to be albite as in the 
rock examined by Adams, others having a very small angle are 
probably oligoclase, while a considerable number range from 
17° to 23° indicating labradorite. Some have broad and sharply 
cut twin lamellae, others very narrow and obscure ones. All 
the feldspars are beautifully clear and fresh as a rule, much more 
so than those of the associated Laurentian gneisses and granites. 

[he nepheline also is generally very fresh and, as mentioned 
by Adams, has not the color nor oily luster of eleolite, though 
it seldom shows crystal forms. Large individuals often contain 
inclusions, minute crystals of hornblende, of biotite, and long 
rows of tiny dots of a transparent doubly refracting mineral. 
Calcite inclusions sometimes occur completely enclosed in fresh 
looking nepheline. In one example the somewhat weathered 


nepheline contains crowds of slender transparent fibers or 
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somewhat bent cords, having a little the look of apatite but with 
a small angle of extinction, perhaps tremolite. Occasionally 
decomposition products occur along fissures, having the appear- 
ance of kaolin but without any distinct structure. 

Scapolite is found in about a third of the sections, sometimes 
almost to the exclusion of other colorless ingredients and has 
the look of a primary mineral. Its anhedra meet the adjoining 
feldspar or nepheline in a sharply defined way with no hint of 
weathering in the latter minerals. Muscovite is a very common 
constitutent of these rocks, being found in more than half of 
the thin sections examined, generally as large primary looking 
individuals, sometimes associated with biotite though often with- 
out it. Biotite is practically the only dark mineral in the rock, 
hornblende not having been observed. As in the specimens 
examined by Adams, it is very dark in color and has a very 
small axial angle. Augite was found as small blue-green anhe- 
dra in one section only. Magnetite was not found, and apatite 
was rare. 

The most interesting accessory mineral is corundum, which 
sometimes occurs in fairly well formed barrel-shaped crystals 
half an inch in length, but is usually smaller and often forms 
only minute rounded grains. Its color is gray or less often pale 
bluish. Owing to the hardness of corundum it was found diffi- 
cult to prepare sections rich in crystals and only two have been 
studied. Under the microscope their high refractive index and 
greater thickness than the rest of the section cause the corundum 
grains to stand out sharply. They are apt to be arranged in 
clusters in association with muscovite, often completely enclosed 
in it. 

Although the rock here described has a well marked schis- 
tose structure, there is nothing in its microscopic characters to 
suggest shearing or crushing, no mortar structure nor granula- 
tion, and seldom even undulatory extinction to hint at a state of 
strain. The rock as a whole is hypidiomorphic granular, and 
except corundum none of its constituents show much tendency 


to crystalline form. 
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The coarse-grained dike with its individuals of nepheline 
half a foot wide is not easy to study in thin sections. The 
nepheline proves under the microscope to have been slightly 
fractured, very narrow fissures being filled with a rather brightly 
polarizing mineral, perhaps feldspar. The few inclusions are much 
like those of the nepheline in the schistose rock, but in one sec- 
tion rather large portions of muscovite are enclosed. The large 
crystals of pale lavender muscovite have no unusual characters 
except their often perfect idiomorphy as against nepheline and 
sodalite. The crystals are not hexagonal in cross section but 
four sided having one angle of about 60°. The basal cleavage 
is somewhat inclined to the prismatic edges, though a series of 
pyramids having a very long C axis makes it difficult to deter- 
mine the angle. In thin sections cut across the cleavage this 
muscovite has an extinction angle of 3° to 5 

If single thin sections were to be diagnosed alone four quite 
distinct types of rock could be described from this outcrop; a 
nepheline-muscovite rock; a rock made up chiefly of scapolite 
and muscovite with a little biotite, plagioclase, and nepheline; a 
rock containing about equal parts of plagioclase and nepheline 
with some mica; and a rock consisting of orthoclase, microcline 
and nepheline with some mica. There are, however, transitions 
between these varieties, and it would be unwise to split up what 
is so evidently a geological unit into rocks of different names 
when the whole is so well defined in general character, though 
each hand specimen shows differences from its neighbors. 

No analysis has been made of this rock, but one specimen 
yielded nearly 10 per cent. of corundum in a heavy solution. 
As there was no magnetite nor other heavy mineral present the 
separation was very complete, corundum having a much higher 
specific gravity than the other ingredients. Since every mineral 
present, except the trifling quantity of calcite and apatite, contains 
alumina, nepheline in particular to the extent of more than 30 
per cent., this oxide must occur in very large amounts. On the 
other hand iron oxides must be very low, since the only iron- 


bearing constituent is biotite. 
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A specimen of nepheline-syenite was obtained from Lan- 
caster’s farm, some miles west of the locality just described, 
from a small outcrop showing no schistose structure. It is 
coarser grained, but of the same color and general appearance 
as the rock from York branch. Thin sections show, however, 
that it has been subjected to shearing forces, since there is a 
granulation round the larger pieces of feldspar and nepheline 
suggesting mortar structure. Nepheline is present in large 
amounts and also a peculiar type of microperthite having long 
fibrous looking inclusions of one feldspar in another. the main 
mass being in parts very finely striated (anorthoclase?) with twin 
lines making an angle of about 23° with the most marked cleav- 
age. Oligoclase and biotite occur in smaller amounts, the latter 
as usual very opaque. Some of its outer scales weather to a 
bronze-brown color, are dichroic, and have the optical axes much 
farther apart than in the fresh mica. 

Specimens of a medium-grained white rock dotted with 
darker minerals come from a locality not visited by the writer, 
in Methuen township, Peterboro county, and are interesting as 
containing many dark brown corundum crystals having a bright 
bronze luster on basal partings, as well as minute crystals of 
magnetite. 

Thin sections of one specimen disclose chiefly plagioclase, 
finely striated and with a low angle of extinction from the twin 
plane; a little microcline, nepheline and muscovite making up 
the rest of the rock. Sections of another specimen very similar 
in appearance contain more muscovite and a large amount of 
nepheline, or rather of a turbid decomposition product, con- 
fusedly scaly or fibrous, having high double refraction. The 
mineral seems to have parallel extinction, fuses readily without 
intumescence to a white glass, and gives water in the closed 
tube, so that it is no doubt a uniaxial or rhombic zeolite, per- 
haps natrolite. The corundum is very opaque so that only 
minute particles of crushed crystals can be studied satisfactorily. 
It contains many inclusions of two kinds, slender black needles 
lying parallel to one another, and brownish-red strips and plates 
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somewhat irregularly shaped and placed. The latter are prob- 
ably hematite and produce the bronze luster seen on basal 
planes of the corundum. Extinction is parallel to the needle- 
like inclusions, and there is a rather strong dichroism, violet 
when the needles are parallel to the chief section of the lower 
nicol and reddish-brown in the opposite position. Some frag- 
ments, no doubt parallel to the basal plane, are not dichroic. 

The first of the two specimens might be named a plagio- 
clasite (anorthosite contains a more basic feldspar) if taken sepa- 
rately, but the second does not differ from typical examples of 
the York branch nepheline-syenite except in the complete 
weathering of its nepheline, and probably both are varying 
forms of the same rock mass. 

Through the kindness of the director of the Bureau of Mines 
specimens of corundum rocks from Raglan township in Renfrew 
county, about twenty miles northeast of Dungannon, have been 
placed at my disposal. One is white, somewhat schistose, and 
much like the Methuen specimens except that it contains biotite, 
and that the pale greenish corundum crystals are almost an inch 
in diameter and have no bronze shimmer on basal planes. 
Under the microscope it is found to consist mainly of plagio- 
clase (oligoclase) and biotite, the latter pale greenish-brown, 
faintly dichroic and with a small axial angle. There are alsoa 
few large patches of colorless muscovite having a large axial 
angle. The specimen has the mineralogical composition of a 
diorite, though of a very unusual character; but Professor Miller 
states that nepheline-syenite occurs close by, apparently part of 
the same rock mass, though not so highly corundiferous.* 

These white rocks were taken for limestone by farmers of 
the region, and an attempt was made to burn them for lime, of 
course, in vain. Hand specimens, partly fused, were taken from 
the kiln and supposed to be nepheline-syenite, many of them 
doubtless having that composition; but the one provided for 
microscopic examination contains no nepheline. It is evidently 
part of a bowlder and is schistose and pale gray to white on the 


* Bur. Mines, Ont., 1897, p. 222. 
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surface, but mottled bright blue and white where broken. Under 
the microscope the rock is found to consist of scapolite, soda- 
lite and biotite with a very little orthoclase. he scapolite 
forms the greater part of the rock, the spaces between its 
anhedra being filled with sodalite; the latter blue throughout 
when in small portions, but only on the edges when in large 
ones, the center being colorless and isotropic. The bowlders are 
said by Miller to be blue only after being burnt in the lime- 
kiln. 

The biotite is deep red-brown in color, has a high absorption 
and a wide axial angle, perhaps the result of heating; just 
as many dark biotites turn brown by weathering and have a 
wider angle between the optical axes. 

There are smali quantities of an unknown mineral present, 
white, transparent and having a low double refraction, so as to 
give only dull blue or purple tints between crossed nicols. Two 
or three sections of it show an axial image consisting of a black 
cross opening out about as far as in many biotites, but without 
colored rings. It is optically positive. 

About eleven years ago the writer collected a considerable 
number of specimens of nepheline-syenite from drift bowlders 
in the neighborhood of Cobourg, Ontario, which lies about 
south-southwest of the localities referred to above and from 
fifty to a hundred miles distant from them. At that time neph- 
eline-syenite had not yet been reported from the province.’ 
In a general way these specimens correspond in appearance and 
composition to those that have been described, though a num- 
ber of additional minerals occur in them, the more important 
being hornblende, augite and garnet, both of the ordinary kind 
and melanite, the brown variety. Only one of the specimens 
collected then contains corundum; and it, though closely like 
the others in appearance, shows little or no nepheline and 
resembles in mineralogical constitution, one of the specimens 
from Methuen. The purplish-gray corundum crystals are quite 
large, and thin sections show the same needlelike inclusions 


* Trans. Roy. Soc. Can., 1890, pp. 14-18. 
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and dichroism as the Methuen crystals, but not the hematite 
plates. 

As there is not much doubt that the Cobourg drift bowlders 
originated in the nepheline-syenite region to the northeast, they 
have been referred to here and may be considered in connection 
with the rocks previously described. 

In spite of the great variations in mineralogical composition 
to be seen in hand specimens all the rocks referred to have 
much in common; they are white to gray in color, generally 
schistose, often corundiferous, and present the same general 
habit, so that in field work they are naturally thrown together 
as nepheline-syenite and can be sharply distinguished from 
adjoining Laurentian gneisses, granites, and syenites. While 
not all of them contain corundum in large amounts they serve 
as a general guide to the discovery of the corundiferous rocks 
and are so used by prospectors for that mineral. Some of the 
ordinary syenites of the region, however, contain corundum also, 
and the largest crystals found occur in them. 

Just why the magma which has solidified into the groupof rocks 
described above should be so versatile in regard to mineralogical 
composition is not easily explained; but no other rock known 
to the writer shows so great a variety of types within short dis- 
tances as may be found in the nepheline-syenites. It may be 
that experiments such as those of Morozewicz' will give the clue 
to this variability, which seems to depend on the large proportion 
of alumina in the original magma. The corundiferous varieties 
of nepheline-syenite represent magmas supersaturated with 
alumina but not saturated with silica. 

A. P. COLEMAN. 


‘See Review by T. A. JAGGAR: JouR. GEOL., 1899, Vol. VII, No. 3, pp. 300, etc. 


























OF SEA BARRIERS UPON ULTIMATE 
DRAINAGE 





THE EFFECT 


THE causes which determine the location of river courses in 
the neighborhood of their discharge into the sea, where the cur- 
rents are slow and their power of erosion small, are often quite 
insignificant. 

If, however, a stream once becomes established in any given 
course, and the region through which it flows becomes elevated, 
its sluggish current at once becomes active and forms a valley 
of greater or less depth. Its tendency through subsequent 
changes in the land level is to remain in the valley approximately 
as originally formed. This tendency is especially strong if this 
original valley is parallel with the strike of the strata. 

It is not the purpose of the present paper to discuss the 
development of intricate drainage systems along structural lines, 
and through long periods of time, but simply to suggest that a 
drainage system may sometimes have a portion of its course fixed, 
by spits and barrier beaches along the coast line, at the same 
time that the sediments which are to form the rocks of its future 
drainage area are being deposited ; and also that the drainage 
when established thus early may remain more or less fixed 
through its subsequent history. 

Along coast lines generally, and especially along those of 
gently sloping coastal plains, spits, bars, and barriers are more 
or less common. For our present purposes these may all be 
spoken of as barriers, and so far as the present paper is concerned 
it does not matter whether they are composed of sand, gravel, 
or coral; neither do the forces by which they are built up need 
to be discussed. 

The lagoons between the barriers and the shore vary in 
length with the barriers, from a few hundred yards to many 
miles. Such lagoons are parallel to the shore and. usually 
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almost at right angles to the course of the drainage entering 
them. 

The drainage from the land must pass through these lagoons, 
often for almost their entire length before it can reach the sea 
through gaps in the barriers or around their ends. Thus it 
happens that long, low barriers, often of soft sand, and of 
insignificant height, which if inland would be slight obstacles 


to erosion, often control large drainage areas (Fig. 1). 
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Fic. 1.— Barnegat Bay on the coast of New Jersey. The drainage, at present 
iefl 
ict 


ected by the barrier, passes through the bay and into the ocean. 
Excellent examples of drainage controlled by barriers are to 
be found developed to a greater or less extent along the coasts 
of almost all countries. Along our own coasts the most marked 
examples are the streams flowing from Texas into the Gulf of 
Mexico; Indian River along the east coast of Florida ; and the 
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streams emptying into Albemarle, Pamlico, and neighboring 
sounds. The drainage in all these localities is deflected many 
miles. Many less marked instances of deflected streams may be 
seen upon almost any map of a long coast line. 

The writer’s attention has been called by Dr. J. C. Branner 
to the stone reefs along the coast of Brazil. These reefs bear 
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Fic. 2 shows a shore line whose drainage is deflected by a barrier. The cross- 
section shows the relations existing between the barrier, lagoon, new, and older strata. 


Fic. 3 shows the arrangement of drainage, as represented in Fig. 2, after the 
elevation of the land. The “lagoon portion” of the stream is here shown as being 
directly along the contact between the newer and older groups of strata. 


the same relation to the shore as ordinary sand barriers, and they 
are probably old barriers whose sands early became cemented. 
In such cases of early solidification, the “lagoon” portion of 
the resulting land stream is, of course, held in position much 
more firmly than in the case of loose sands. 
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It hap- 
pens, therefore, that the streams entering lagoons behind barriers 


Shore deposits usually have a slight seaward dip. 


may not only have their courses determined early in their history, 
and that subsequent erosion after the land becomes elevated 
tends to deepen the channel in the position determined, but 
also that this position is parallel with the strike of the strata. 
The subsequent tendency of the stream, therefore, is to remain 
in this original course established for it by the lagoon, as shown 
in Figs. 2 and 3. 

If the coast, along which such stream deflection occurs, 
happens to be rising, or if the barriers are being added to from 
the seaward side, the barriers, at first narrow and low, may 
become gradually wider and higher and finally form a considera- 
ble land area. In this new area a new drainage system will 
develop, a portion of it being drained landward to its old lagoon, 
the rest draining either directly or through a new lagoon, into 
the ocean, as shown in Figs. 3 and 4. 

If the land level remains unchanged, the lagoon is left inland 
and controls the drainage of the region on its landward side 
with little or no tendency toward erosion. If, however, the land 
becomes slowly elevated, the old ‘lagoon portion’’ becomes an 
active stream and cuts out a channel in and along the strike of 
the new rocks. As the shore becomes more and more elevated, 
and the stream is left further inland, this portion of the channel 
becomes more firmly established in its course. Thus it becomes 
an inland stream, which had a greater or less portion of its 
length originally established parallel with the coast, with the 
contact between groups of strata and also with the strike of the 
rocks, and not across the strike or outcrop, as is so commonly 
taken for granted for the original courses of streams. (Fig. 3.) 

It is obvious from what has been said that the “lagoon por- 
tions’ of streams will be determined in a direction approximately 
parallel with the general direction of the contacts of the newly- 
formed geologic groups; they may be directly along this line, 
or they may be several miles on either side of it. 

Fig. 1 may be taken as a type to illustrate this. Here the 
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barrier of ‘‘alluvium”’ enclosing Barnegat Bay on the coast of 
New Jersey is from three to five miles from the contact between 
the “alluvium” and the older beds of gravel, sands, and clays. 
If Barnegat Bay were silted up by sediments from the landward 





Fic. 4 is a further development of Fig. 3; the “lagoon portion ” of the old stream 


} 


aving for the most part settled itself down in the underlying strata. The contact 


etween the newer strata and the older being shifted seaward by erosion, the line of 


ntact is some distance to the seaward from the stream. If the underlying older 
eds are very hard, the stream might continually shift itself along the line of contact, 
nstead of cutting down into the hard beds below. A part of the old “lagoon portion,” 





nstead of cutting down into the underlying rocks, is shown as having been shifted 
lown the dip of the newer beds, and as flowing parallel with the contact but to the 
seaward of it 

side, its lagoon might be shifted close up against the barrier, 
If, under these circumstances, this coast should be elevated and 
the shore line should be shifted some miles seaward, the “lagoon 


portion”’ of the resulting stream would be approximately parallel 
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to the strike of the rocks, and also to the upper and lower con- 
tacts of the particular group of strata formed, though several 
miles removed from either of those contacts. 

On the other hand, a stream flowing parallel with the contact 
and not far removed from it might cut down completely through 
the series of strata by which its course was originally determined, 
and reach the older underlying rocks. Under such circum- 
stances the newer beds through and along the edges of which 
the stream originally flowed, would in time be removed by 
erosion for some considerable distance from the line of contact, 
as shown in Fig. 4. 

It is, of course, difficult to point with certainty to streams 
at present far inland that have had their courses originally 
determined in the: manner suggested. This explanation offers 
itself, however, for streams that now flow parallel to and in the 
neighborhood of contacts between sets of beds of different ages, 
as also for streams flowing parallel to preéxisting coast lines. 
It is not improbable that many streams flowing with the strike 
of strata, and whose courses have been attributed to stream 
capture, owe these courses to the simple fact of their having 
been primarily established in that position as here suggested. 
Many such streams may be seen on any detailed geologic and 
drainage map of our eastern and southern coastal region, though 
they are by no means limited to such regions. 

This explanation is suggested as a probable one in account- 
ing for the sudden southwest deflection of the Delaware River 
at Bordentown, N. J., and the Potomac near Washington, and 
for the sudden turn of the Susquehanna into the upper portion 
of Chesapeake Bay, which may be considered as its exten- 
$10n. 

The same explanation is suggested also in regard to the 
Tennessee River for the lower portion of its course where it 
flows northward through west Tennessee and Kentucky. 

Black River, in Arkansas, flows for almost its entire length 
near the line of contact between Tertiary and Paleozoic rocks. 


This stream may have had its course originally established, 
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parallel to the old coast line in much the same way that Indian 
River, Florida, has its course fixed at the present time. 

Many others could be mentioned, but these serve to show 
the character of the drainage that might be expected from the 
suggested causes. 

) It is not meant to imply by the foregoing remarks that all 
barriers that may be formed will exercise control on the ultimate 
drainage. Probably most of those formed are quickly destroyed 
as the shore line encroaches or recedes. It is hardly reasonable 
to suppose, however, that all barriers formed through past 





geologic ages have been disposed of thus easily. 

Joun F. Newsom. 
STANFORD UNIVERSITY, 

California. 





SEASON AND TIME ELEMENTS IN SAND-PLAIN 
FORMATION 


THE SEASON ELEMENT 


THE term sand-plain is here used in the generally accepted 
sense, that is, to designate the sand delta formed at the mouth 
of a glacial stream as it issued from the ice margin into the stand- 
ing waters of a glacial lake or into the sea. The bulk of sucha 
plain is made up of a succession of layers of fine material slop- 
ing at an angle of 15° or more in the direction in which the cur- 
rent is moving, or away from the head of the plain. Upon these 
layers, which are known as fore-sets, rests a comparatively thin 
and nearly horizontal layer of coarse material known as top-sets. 
A third class of layers is represented by the horizontally strati- 
fied clay beds deposited in front of the constantly advancing 
fore-sets, and partly overlain by them in consequence of this 
advance. In addition there is sometimes a fourth, but much less 
extensive series of layers which have slopes just the reverse of 
those of the fore-sets. They are known as back-sets, and are 
formed, sometimes by the upward movement of the water as it 
leaves the ice and passes up and over the sand-plain,* and some- 
times by the settling of the margin of the plain in consequence 
of the melting of the ice upon which it may have partially rested. 

Wherever sand-plains have been exposed it has been found that 
the development of back-sets is insignificant, seldom amounting 
to more than twenty or thirty feet even in the largest plains. 
It is evident that if the margin of the ice were retreating during 
the construction of a sand-plain, the formation of back-sets by 
the first method would at once become a prominent feature of 
the deposition. It is doubtful if back-sets ci this type have 
ever actually been noted, and back-sets of any sort are, as we 
have seen, of rare occurrence and slight development. This 


* Bull. Geol. Soc. Am., Vol. I, 197 
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shows conclusively that the forward growth of the delta must 
have been extremely rapid, for an ice margin bathed constantly 
by the waters of the sea or a glacial lake could not long remain 
stationary. That the time of growth was a short one was early 
urged by Davis and is generally admitted by those familiar with 
such deposits. Even in the case of many of the larger plains 
it seems clear that the time of growth should be measured by 
months rather than by years, and the assumption that they are 
the result of a single season’s stream work is not unwarranted. 

If this view is accepted, the question at once arises as to 
whether the plain represents the deposits of the whole, or only a 
part of the season of ablation. The first thought would natu- 
rally be that they represent the whole, but on more careful con- 
sideration this seems less probable. The observations upon sand- 
plains show that there was practically no backward melting of 
the ice during their formation. The retreat, then, must have 
taken place under conditions more favorable to the melting or 
breaking up of the margin of the ice sheet than those existing 
during the formation of the plains, and to maintain that the 
sand-plains represent the whole of the summer periods of melting 
would mean the reference of the periods of retreat to the winter 
season, a conclusion not in harmony with the laws of nature. 

As an alternative, it might be considered that the sand-plains 
represent summers of only moderate warmth, while the periods 
of melting were characteristic of seasons of a considerably 
higher average temperature. The melting of the ice, the dis- 
charge of the glacial streams, and the amount of detritus, would 
all have been increased under such conditions. In reality we 
find that often only a slight deposition of sediments took place 
between the stages of sand-plain growth, especially when plains 
are but short distances apart, as in the case of the Bar- 
rington and Nyatt Point sand-plains, hereafter to be described. 
Here the intermediate area is practically free from deposits of an 
inter-sand-plain period, indicating that the retreat of the margin 
took place during a period when little detritus was being set 


free from the ice by ablation. 
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A consideration of the conditions obtaining during the clos- 
ing stages of the ice sheet leads to the conclusion that the 
periods or steps of the retreat in the vicinity of the Barrington 
Plain were characteristic of spring, corresponding more or less 
roughly to the present months of March, April and May. 

Following is a summary of the reasons: (1) The insignifi- 
cant development, or complete absence of back-sets in the most 
typical sand-plains, show that the retreat was not characteristic 
of the summer period. (2) The fall represents a waning, and 
the winter a cessation of all the conditions that can in any way 
be regarded as favorable to the ice retreat. The retreat cannot, 
therefore, be regarded as characteristic of these periods. (3) 
Though the actual precipitation may have been no greater than 
in the winter months, precipitation in the form of rain probably 
reached its maximum in the latitude of northern United States 
during the months of early spring. It is well known that water 
attacks ice much more rapidly than air at the same, or even 
higher temperatures. The period of spring rains must, then, 
have been one of rapid ablation. (4) The precipitation of the 
winter months must have been mainly in the form of snow, which 
according to Upham, would reach a maximum within a com- 
paratively short distance of the margin. Under the influence of 
the spring rains the deep snow must have rapidly melted, helping 
swell the glacial, and especially the superglacial streams to 
sizable turrents. The rapidity with which such superglacial 
streams cut into the ice is well shown by some of the superglacial 
streams of Greenland, which, though usually short and of small 
size, have often sunk tosome considerable depth into the ice. 
Such streams near the margin of the waning ice sheet would 
have rapidly cut through the ice to the very bottom, leaving 
detached pieces of various sizes and shapes which, however, 
would melt with comparative rapidity. (5) The streams during 
the spring, being fed mainly from the melting snow or direct 
precipitation, would carry a proportionally small amount of 
sediment, and the detritus instead of being deposited at a single 
point, as in the case of the sand-plains, would be distributed 
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over a large area as an inconspicuous sheet. (6) In the 
summer the ice margin would become stationary and the depo- 
sition of the detritus, which was derived almost entirely from 
the ablation of the débris-laden ice, would be concentrated at 
definite points. 

Although from the above considerations it seems reasonable 
to refer the shorter ice retreats between sand-plain stages to the 
spring months, it is probable that the longer retreats represent 
longer periods, perhaps in some cases years in length. In this 
case the absence of inter-sand-plain deposits may be more 
seeming than real, because of the sheet form of such deposits. 


TIME ELEMENT 


If the months of December, January, and February are 
eliminated, as there can be no doubt they should be, from the 
time of sand-plain growth, the retreat of the ice and the deposi- 
tion of the plain must have taken place inthe remaining nine 
months. The distance between sand-plain stages varied from a 
fraction of one up to several miles, and three months certainly 
seem none too long atime for sucha retreat. If this be so, 
the sand-plains, or at least those of modern size, must have been 
formed in the six months still remaining. 

A study of the conditions now existing in the larger glaciers 
of Alaska, showed at once that such a rate of deposition was by 
no means improbable. A calculation based on such conditions 
could not fail to be of interest, and would give valuable indica- 
tion as to the probability of the general estimates. The results 
showed an unexpected and surprisingly close agreement with 
the estimates. 

Basis of calculations —Evidence as to the time of formation 
of sand-plains is afforded; (1) by the bulk of the sand-plain 
itself, and (2) by the bulk of the accompanying clays, which 
from their mode of formation, are known to be simultaneous in 
development and coextensive as to time. The time estimate is 
obtained by dividing the bulk by the daily discharge of sedi- 


ment of the glacial stream. To find this discharge of sediment 
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it is necessary to know the area of the cross-section of the 
stream, the velocity of its flow, and the percentage of sediment 


carried. The first two values are indicated by the esker and the 
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Fic. 1.—Map of Glacial Deposits, Barrington, R. I." 
Contour interval, 20 feet. 


material of which it is composed. The latter must be estimated 
from observations upon glacial streams existing under similar 


* The geology is taken from map given by Mr. J. B. Woodworth in Seventeenth 


Ann. Rept. U. S. Geol. Surv., Pt. I, Pl. LXIL. 
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conditions at the present time. Such observations have been 
made by Wright, Reid, and others in regard to the fine sedi- 
ments such as make up the so-called glacial clays, and it is upon 
these observations that the present estimates are based. 

Locality selected. — Conditions favorable to a calculation of 
the time of formation from the extent of the plains, or their 
associated clays, are in almost every case wanting. In 1896, 
however, Woodworth described* and mapped a series of unusu- 
ally typical deposits in the town of Barrington, R. I. A visit to 
the locality showed the conditions to be almost ideal, and 
admitting of calculations of some definiteness. The clays were 
selected as a basis of calculation in preference to the sand-plain 
itself, because of the greater number and reliability of the 


Alaskan observations upon this class of sediments. 





Sea Zevel 


SLO x, SCOOT 











Fic. 2.—Section across Barrington, R. I. showing relations of clays to sand- 
plains. A, Terrane of Carboniferous age; B, Glacial drift older than Nayatt Point 
stage; C, Clays contemporaneous with the Nayatt Poini sard-plain; E, Gravel and 
sands deposited upon the melting of the ice along the head of the Nayatt Point plain ; 


F, Barrington sand-plain; G, Barrington clays; H, esker; 1, gravel and sands laid 


down upon the melting of the ice back of the Barrington plain. —J. B. WooDWORTH : 
Seventeenth Annual Repori U. S. Geol. Surv., Part 1, ~p. 987. 
Barrington clays. —These clays are exposed at the surface 


over an area of about six tenths of a square mile (Fig. 1). On 
the south the clays rest against the ice-contact slope of the 
Nyatt Point sand-plain, while on the north they extend as a 
gradually thinning wedge beneath the Barrington plain, reaching 
their northern limit approximately along the ice-contact slope of 
this latter plain (Fig. 2). The depth of the clays in the vicinity 
of the railroad, as shown by borings, is about sixty feet. With 
the exception of one slight break there is a ridge, partly till and 

Seventeenth Annual Report U. S. Geol. Surv., Part I, 987, 988; and Am. Geol., 


VoL. XVIII, 161-164, 391, 392. 
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partly of modified material, connecting the two sand-plains on 
the east, and having an average height of about forty feet. On 
the west there is no marked rise between the clays and the 
waters of the bay, the latter even at the present time having 
access to the clays by a fair-sized estuary. The surface of the 
clays is practically at sea level. 

The clays, which vary from gray to blue-gray in color, are 
composed principally of quartz flour—the ultimate product of 
glacial scouring—with a comparatively slight intermixture of 
true clay. Their amount, allowing for the thinning out in vari- 
ous directions, and taking their specific gravity as 2.5, is found 
to be approximately 95.3 million tons. 

Conditions at time of deposition.— The heights of the two sand- 
plains are about fifty feet and indicate a probable height of 
water at the time of their formation of at least forty feet above 
the present sea level. The ice on the north, the ridge on the 
east, and the Nyatt Point plain on the south would form an 
inclosed bay, with practically no opening except at the west. 
Here, however, there must have been an opening something like 
three fourths of a mile wide and thirty-five to forty feet deep 
connecting with the sea and allowing a more or less complete 
commingling of the salt and fresh waters. 

Into this inclosed bay emptied, as indicated by its esker, a 
glacial stream 150 feet wide, with a probable depth of some 
twenty feet, and a velocity sufficient at times to move pebbles up 
to six inches in diameter. This would indicate a maximum 
velocity of a little over six feet per second, but the average 
material composing the esker would require a current certainly 
not over five feet per second. The discharge of such a stream 
would be 15,000 cubic feet per second. 

The area of the cross-section of the outlet from the inclosed 
bay was about 138,000 square feet, or some forty-six times that 
of the glacial stream. If discharge took place uniformly through 
the outlet the velocity would have been one and one third inches 


per second. If the flow of the fresh water took place as a sur- 


face current, as would have been the tendency, a somewhat 
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greater velocity would have resulted, but not enough greater to 
have prevented the settling of the sediment. The ebb and flow 
of the tide, which is about four feet, would have decreased the 
outflow some 25 per cent. during flood tide, and increased it by 
a corresponding amount during the ebb. 

The average distance through which the water would move 
in its passage from the mouth of the glacial stream to the outlet 
would be at least a mile. The current, which at the frontal slope 
of the sand-plain had a velocity, as indicated by the material 
deposited, of some eight inches per second, would decrease until 
certainly not over three inches per second at the outlet. Its 
passage would require fully four hours. 

Sediment of glacial streams. — According to Helland,’ as quoted 
by Reid,? the maximum sediment values of their respective 
regions are represented by the Unteraar glacier of Switzerland, 
which carries .142 grams per liter; the Langedal glacier of Nor- 
13 grams; and Alangordleck glacier of Green- 
.37 grams. Both Wright and Reid found much 


way, Carrying .5 
land, carrying 2 
more sediment in the waters from the Muir glacier of Alaska, 
the former recording a load which reduces to 12.12 grams per 
liter,3 and the latter a load as high as 12.98 grams per liter. As 
the Alaskan glaciers most nearly represent the conditions 
obtaining during the closing stages of the continental ice sheet, 
I have taken Reid’s value of 13 grams (actual value, 12.98 
grams) as a basis in calculating the time of formation of the 
Barrington clays. 

In all probability the sediment discharged by the streams 
draining the continental ice sheet was even greater than that of 
the most heavily loaded glacial streams of today. I have sought 
to neutralize this difference as much as possible by applying as 
a mean value to the Barrington deposits the maximum value of 
the Muir glacier sediments. 


* HEIm’s Gletscherkunde, p. 363. 
# Sixteenth Annual Report, U. S. Geol. Surv., Pt. I, p. 457. 
3Ice Age in North America, p. 64. 


4 Loc. cit., Pp. 454. 
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Rate of settling.— Recently, in connection with professional 
work for the Metropolitan Water Board of Massachusetts, Pro- 
fessor W. O. Crosby has incidentally had occasion to determine 
the rate of settling of the finer portions (7. ¢., quartz-flour) of both 
the till and the stratified drift. No definite maximum limit has 
ever been fixed for the grains of quartz flour, but in the experi- 
ments in question this name was applied to that portion passing 
through a sieve of 170 meshes to an inch. The larger grains are 
about ,}, of an inch in diameter. 

In the experiments, the results of which Professor Crosby has 
kindly placed at my disposal, 5 grams of the quartz flour were 
introduced at the top of a half-inch tube containing five teet 
of water. The time of settling was then taken. The results 
showed that sfully 75 per cent. of the material settled within 
thirty minutes from the time of insertion, and in the majority of 
cases none whatever remained in suspension at the end of sixty 
minutes. In other cases a distinct turbidity, probably due to 
true clay, was still noticeable at the end of this time. This was 
determined by filtering and weighing, the amount varying from 
a mere trace up to IO per cent. 

The results show that even in fresh water the settling of 
quartz flour is very rapid, the greater part settling at a rate of at 
least ten feet per hour. In the inclosed bay in which the Bar- 
rington clays were deposited the water was salt, or at least 
decidedly brackish, and the rate of settling must have been much 
increased, especially in the case of the finer material, which, 
according to W. H. Brewer, will settle as much in salt water in 
thirty minutes as it would in as many months in perfectly pure 
water.’ There can be no reasonable doubt, then, that practically 
the entire amount of sediment brought in by the glacial stream 
was deposited within the inclosed bay. 

Statement of problem and results. — During a certain stage of 
the ice retreat from the region of Narragansett Bay, the area 
now covered by the Barrington clays stood ata level some forty 


feet below that at present existing, and was covered by a body 


‘Am. J. Sci., III, 29, p. 4 
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of salt or brackish water which rested against the ice on the 
north, and was practically cut off from the sea on the east by a 
till ridge, and on the south by the Nyatt Point sand-plain. Into 
this body poured a glacial stream with a volume of some 
15,000 cubic feet per second, and bearing a load which I have 
assumed as a maximum to be 13 grams per liter, amounting to 
526,500 tons per day. From experiment it has been found that 
material like that of the Barrington clays settles very rapidly, 
indicating that practically the whole amount brought in by the 
glacial stream must have been deposited within the inclosed area 
indicated. 

The amount of the clay is some 95.3 milliontons. Dividing 
this by the daily discharge of sediment of the glacial stream, the 
time of the deposition of the clays is found to be 181 days, or almost 
exactly six months. 

General application. — Though in the sand-plains of different 
localities, the proportion of sand and clay varies greatly, the 
Barrington deposits taken as a whole probably represent very 
nearly the average conditions. I am satisfied, therefore, that the 
results obtained in the case of the Barrington plain, though 
strictly speaking they are applicable only to this plain, represent 
fairly closely the time required for the formation of the average 
sand-plain. If, for the reasons given ona previous page (p. 454), 
the ice retreat is considered as taking place in the early spring, 
it would follow that these figures represent a maximum, rather 
than a minimum, time limit. In the case of large plains, how- 
ever, with areas of several or many square miles it may be pos- 
sible to consider the period of deposition as extending over more 
than one season of melting, there being in the meantime either 
no retreat of the ice margin, or a retreat so slight that the inter- 
vening space was completely filled, and the sand-plains united 
into a single compound plain. 

Remarks. — One of the points most strongly emphasized by 
the results obtained, is the almost incredible amount of sediment 
discharged by the Barrington glacial stream during the few 


months of summer activity. The daily discharge of sediment by 
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this small stream, not over 150 feet in width, was equivalent to 
40 per cent. of that of the Mississippi." 

The small amounts of the coarse material, compared with the 
amount of clay, is also a significant feature. It shows fully two 
thirds of the detritus brought in by the stream was of the finely 
comminuted quartz flour. The velocity was such that had the 
current come in contact with the subglacial till to any extent the 
percentage of coarse material would have been much greater. Its 
absence indicates, therefore, that practically the entire amount 
must have been derived from the ablation of the ice. The high 
percentage of the finer débris contained within the ice is certainly 
a striking feature. 

Myron L. FULLer. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
Boston, Mass 
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THE PETROGRAPHICAL PROVINCE OF ESSEX CO., 
MASS. GENERAL DISCUSSION AND CONCLD- 


SIONS.  V. 


Analytical methods.—As far as was possible with the means 
at my disposal the methods advocated by Hillebrand'* were fol- 
lowed, some slight modifications being necessary owing to lack 
of certain facilities in my laboratory.. A word must be said in 
recognition of the high character of the work of the chemists 
of the U. S. Geological Survey. Petrologists generally are 
deeply indebted to them for the service they have rendered the 
science, not only by the investigation of methods and the very 
large amount of excellent work which they have done, but also 
for the high standard of excellence which they have set for 
other analysts to follow. 

Ignition H,O was determined in dry CO,. It will be seen 
from the generally low summation of the rocks high in FeO 
that this did not entirely prevent oxidation under the condi- 
tions obtaining, but the error will not be high. The precipita- 
tion with ammonia was always made twice, and three times in 
the case of the basic rocks, in the presence of sufficient NH,Cl. 
This is of the utmost importance, as pointed out by Pirsson? 
and Hillebrand,3 on account of the tendency of MgO to be 
coprecipitated with the Al and Fe hydrates. Neglect of these 
precautions has rendered useless many analyses, but it is a point 
which is often overlooked. With one exception, MnO was not 
determined, since its amount was apparently small and its deter- 
mination would have extended considerably the time necessary 
for an analysis, and hence lessened their number. Alkalis 


were, of course, determined by the Lawrence Smith method. 


*CLARKE and HILLEBRAND. Analyses of Rocks. Bull. U. S. Geol. Surv., 1897. 


2 PiRssON, Jour. GEOL., Vol. IV, 688, 1896. 


3 HILLEBRAND, of. cit, p. 39. 
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It must be noted that throughout this paper the terms acid 
and basic refer only to the relative amount of SiO,, no con- 
notation of the amounts of the other oxides being implied. 

Use of the term petrographical province -—The idea which 
underlies the general use of this term is that of a region of 
igneous rocks which possess in common certain characters, 
structural, mineralogical, or chemical, and in which the charac- 
ters may vary continuously from one end to the other of the 
series of rocks represented. The term is usually applied to 
large areas embracing several centers of igneous activity, which, 
by their similarity in character, may be presumed to be related. 
Its application in the title of this paper is somewhat restricted, 
and therefore open to criticism, but seems justified on the 
grounds of convenience, the evident relationship of the rocks, 
and the fact that this region may serve as the type of the 
still larger New England one. 

Chemical characters.—In Table I are given my analyses of the 
rocks of Essex county, with one by Dr. Eakle, and in Table II 
the molecular amounts of the various oxides. It is to be borne 
in mind that all references to the relative amounts of the oxides 
are to their molecular amounts, and not to their percentages as 
obtained in the analyses. 

The range in composition is very great, the rocks varying 
from basic gabbro with 44 to acid granite with 78 per cent. of 
SiO,. Al,O, varies considerably and is notably higher toward 
the basic end. The total amounts of iron oxides are rather 
high, Fe,O, being low and varying little, while FeO is higher, 
especially so in the basic rocks. MgO and CaO behave alike, 
being low in the more acid rocks, and suddenly much higher in 
the basic. The alkalies are abundant, Na,O more so than K,O, 
but, on the whole, do not vary as much as the other con- 


stituents. 
The rocks as a whole are rather acid, 7. ¢., they contain more 
SiO, than most similar types elsewhere. The granite is 


decidedly an acid one, the foyaites more acid than most nephe- 


line-syenites, and the same is true of the pulaskites, the akerite 
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and nordmarkite, the tinguaite, s6lvsbergite, and paisanite. In 
the basic rocks, on the other hand, the opposite seems to hold 
goo d, that they are more basic than usual. 

In the next place they are rich in both alkalis, and Na,O 
is constantly greater than K,O. On the whole, however, Na,O 
does not predominate to such an extent as to stamp the region 
as essentially one of soda rocks, but is sufficiently predominant 
to determine the character of the types, as shown in the min- 
eralogical composition. 

In general the rocks are rich in iron oxides, FeO being espe- 
cially, and in some cases abnormally, high. It may be men- 
tioned that TiO, is high, comparatively speaking, and that BaO 
seems to be absent. 

The province as a whole then, may be characterized as one 
of rocks which are more acid or more basic than normal, high 
in alkalis, with Na,O predominating over K,O, high in iron 
oxides, especially FeO, rather high in Al,O,, and low in MgO 
and CaO. 

Mineralogical characters. —We find the main chemical features 
well expressed in the general mineralogical composition. Cor- 
responding to the high SiO, and alkalis, the prevailing feld- 
spars are albite and orthoclase, with quartz-syenites abundant. 
The albite molecule is very abundant, giving rise to the charac. 
teristic microperthites and the albitic syenites of the litchfieldite 
and pulaskite types. At the same time the soda-hornblendes 
and soda-pyroxenes are common. The low CaO forbids the 
formation of much lime-soda feldspar, which we find to be rare, 
and even in some of the basic rocks the plagioclase is more 
albitic than usual. 

The paucity in MgO is of great influence. Olivine is rare 
even in the basic rocks. A striking peculiarity in this connec- 
tion is the replacement of the deficient MgO by FeO. This 
gives rise to the presence of varieties of minerals normally mag- 
nesian, but which are here largely ferrous instead. This is 
exemplified by the abundance of the MgO-free biotites, lepi- 


domelane and cryophyllite, as well as the occurrence of the 
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purely ferrous olivine, fayalite’ in the granite, and the presence 
of the MgO-free ‘“glaucophane”’ molecule in the blue horn- 
blendes? of the region. 

Discussion of oxide ratios—In Table II are given, below the 
molecular amounts, several oxide ratios, which we may next 
examine, since they serve to differentiate the rocks of the region 
into groups. 

Na,O 

K,O° 
have seen, though often closely approaching it. A striking fea- 


This ratio is constantly greater than unity, as we 


ture is that in ten or eleven cases it is either exactly or very near 
a whole number; 1:1, 2:1, 3:1, or 6:1. In ten others it 


closely approximates to multiples of a half; 14:1, 2%: 1, 
33 
more than about .12 from such figures. There seems to be a 


tendency for Na,O and K,O to exist in stoichiometric ratios 


1,or 6%:1. In only three or four cases does it differ 


> 


wn 


with respect to each other. The same is true elsewhere, notably 
in the Christiania region, where Brégger? connects it with the 
tendency of the alkalis to such ratios in nepheline and soda- 
orthoclase. Such ratios, however, in igneous rocks aré by no 
means general. 

When we examine this ratio in the various rocks we see that 
it is characteristic of certain rock groups. In the granite, the 
quartz-syenite-porphyry and the quartz-syenites it is quite con- 
stant, varying only from 1.09 to 1.17. In the aplite dike it is a 
little higher, about 1.5. In the keratophyre and rhyolite it is still 
higher, 1.40 and 2.20. As we go toward the basic end the 
ratio increases, being 1.7 and 2.1 in the pulaskites, 2.2, 2.5, and 
3.6 in the sdlvsbergites and biotite-tinguaite, and 3.0 in the 
foyaites. In the basic rocks, from diorite down, the ratios are 
constantly high, varying from 2.6 to 6.6, and is also high, 6, 
in the analcite-tinguaite. 


* PENFIELD and Forses: Am. Jour. Sci. (IV), I, 129, 1896. 
7H. S. WASHINGTON: Am. Jour. Sci. (IV), VI, 179, 1898. 


>BROGGER: Eruptivgesteine der Kristianiagebietes. I, 165, 1894, and III, 


249, 1597. 
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It will be seen that in what are obviously connected series of 
rocks there is a regular variation in one direction, an increase 
toward the basic end. The most striking instance is the paisanite- 
tinguaite series, in which the ratios are 1.23, 2.17, 2.47, 3-62, and 
5.97. Also in the pulaskite-foyaite-essexite series, where the 
ratios are 1.71, 2.09, 3.00, 2.98, and 3.64. The granite, quartz- 
syenites, diorites, and gabbros show the relation less well, 
though even here the ratio is markedly higher in the basic 
members. 

These observations leave no doubt of the fact that in Essex 
county Na,O increases relatively to K,O as SiO, decreases. 
This agrees with the Christiania region, where Brégger* shows 
that in the grorudite-tinguaite series the same holds good. In 
both cases the effect is due chiefly to increase in Na,O relatively 
to SiO,, K,O remaining comparatively stationary. The line 
giving the ratio of Na,O: SiO, will show this for Essex county. 
Such a variation is not universal, as in other regions exactly the 
contrary obtains,’ the K,O increasing as SiO, decreases. 

It is evident, therefore, that Na,O and K,O differentiate 
with respect to each other, a fact to which Pirsson has already 
called attention.’ This is of theoretical interest since it indicates 
that, notwithstanding their general similarity, there isa difference 
between the two alkalis in their functions in igneous rocks, a 
subject which space does not permit of being treated here. 

FeO 

Fe,O,° 
the preceding, ranging from 0.37 to 16.0, but examination reveals 


The variations in this ratio are far greater than in 


certain regularities. It is very high in the granite, aplite, 
quartz-syenite, and porphyry, and in all the basic rocks. It will 
also be observed that it is higher in the dike rocks than in theif 
corresponding plutonic forms. It is lower in the paisanite and 
sélvsbergites, still lower in the pulaskites and foyaites, as well as 


*BROGGER: of. cit., Vol. III, p. 249, note 1, 1897. 
*PIRSSON: Bull. 139 U. S. Geol. Surv., p. 138, note 5, 1896. HARKER: Geol. 
Mag., Vol. IX, 203, 1892. 


3 PIRSSON: Bull. 139 U.S. Geol. Surv., p. 138, 1896. 
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in the rhyolite and keratophyre, and lowest of all in the 
tinguaites. 

It is evident, granting that these relations are not fortuitous, 
which the number of analyses seems to preclude, that this ratio 
does not vary with the SiO,, but seems to be dependent here on 
the general character of the magma from which the rocks 
solidified. Grouping these roughly into two classes according 
to their general characters we may say that the ratio is high in 
the granito-dioritic group and low in the foyaitic. 

It is, it must be confessed, somewhat surprising to find such 
a connection between the ratio of the two iron oxides and the 
petrographical character of the rocks. Is it indeed the fact 
that there is such a difference in behavior between the two 
oxides? Do they really differentiate with respect to each other, 
or is the relation only apparent and due to other causes, such as 
possible oxidation of the ferrous iron in the foyaitic rocks? 
In the flow rocks the ratio is low and it seems possible that 
their solidification at the surface may have induced oxidation. 
But all the other rocks are abyssal or hypabyssal, so that such 
an action would seem to be excluded, or at least equally effective 
in each. We have also seen that the granito-dioritic dikes show 
a uniformly higher ratio than their plutonic analogues. On the 
whole we seem driven, as far as the data at hand allow us to 
decide, to the conclusion that the two oxides differentiate with 
respect to each other and that their ratio is in some way con- 
nected with the composition of the magma. 

In connection with this ratio we may note the interesting 
case of Nos. XV and XIV, the tinguaite and sélvsbergite, whose 
composition is very similar, the total iron oxides being about the 
same. In the tinguaite the high Fe,O, (ratio 0.52) has con- 
ditioned the formation of aegirite, while in the sdlvsbergite the 
high FeO (ratio 3.31) has conditioned the formation of glau- 
cophane-riebeckite as the colored mineral. 

Na,O+K,O0 

SiO, 
Iddings* in the investigation of the relationships of rocks. Here 


This ratio has been recently employed by 


*IpDbDINGs : Jour. GEOL., Vol. III, 956, 1895, Vol. VI, 96, 189, Vol. VI, 219, 1898. 
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it corresponds ina general way with the grouping already used. 
In the acid rocks, from granite to akerite, the ratio is low and 
fairly constant, varying only from .088 to .121. In the foyaitic 
rocks from glaucophane-s6lvsbergite to analcite-tinguaite, it is 
much higher and also fairly constant, from .156 to .228. Inthe 
basic rocks the ratio is again low, the essexite alone showing the 
high ratio of .166, analogous to that of the foyaites, as was to be 
expected. The ratio of the hornblende-gabbro (.112) is also 
in accord with its transitional character between the diorites and 
essexite 

A large number of other ratios have been examined, but 
without any very significant results. The only one worth 
mention is that of Al,O,+Fe,O,:CaO+Na,O0+K,0O. In the 
more acid rocks, from pulaskite up, this approximates closely 
to unity, but below this there are some other wide variations, the 
sesquioxides being deficient, except in the foyaites. 

The rock series. —-Without going further into details, we may 
divide the rocks of Essex county into the following series as 
defined by Brégger.’ 

The first may be called the granito-dioritic, and embraces the 
granites, quartz-syenites, quartz-diorites, diorites (which are 
partly monzonitic), and gabbro. These are characterized miner- 
alogically by the presence of microperthite (albite and ortho- 
clase) in the more acid members and plagioclase with some 
alkali-feldspar in the basic, and by iron-micas (in the more acid) 
and green and brown hornblendes and pyroxenes. Chemically 
they show comparatively low ratios of Na,O to K,O and Na, O 
+K,0O to SiO,, and high ratios of FeO to Fe,Qy. 

To this is related a series of dike rocks, including the 
aplites and microgranites, quartz-syenite-porphyry, and, at the 
basic end, probably a part of the diabases. These dike rocks 
possess chemical and mineralogical characters similar to those 
of the preceding series. 

The next prominent series is the foyaitic, embracing the 
pulaskite, litchfieldite, and essexite, and characterized by the 


* BROGGER: Eruptivgest. d. Kristianiageb. Vol. I, p. 169, 1894. 














470 HENRY S. WASHINGTON 


abundance of the albite molecule, lack of lime-soda feldspars, 
and presence of nepheline, aegirite, and blue glaucophane- 
riebeckite or brown barkevikite. These rocks show high Na, O: 
K,O:and Na,O+K,0:SiQ, ratios and low FeO: Fe,O, 

Related to this series are the dikes of the sélvsbergite- 
tinguaite series, and of paisanite, also possibly the camptonitic 
dikes. These show chemical and mineralogical characters 
analogous to those of the foyaitic series, but vary far more in 
composition, 

These four series, which are very well defined, include nearly 
all the rocks examined. Among the exceptions the horn- 
blende-gabbro occupies, as we have seen, a position intermediate 
between the diorites and essexites, and may be reasonably 
regarded as a transitional and connecting form. The flow rocks 
are abnormal. In certain respects they seem to be allied with 
the granito-dioritic rocks, while other characters suggest affinities 
with the foyaites. The question is a difficult one to decide. 
The orbicular syenites, which are present in very small amount, 
are almost certainly related to the granito-dioritic series, though 
lack of an analysis leaves the question uncertain. By its mineral- 
ogical characters and by its ratios the Quincy granite belongs to 
a foyaitic series, forming the most acid member of it, and cor- 
responding to the paisanites among the dike rocks. As it belongs 
to the Blue Hills Complex, quite outside our region, it will not 
be discussed further. 

Relations of the various types—As a preliminary to the deter- 
mination of the genetic connection of the various rocks, it will 
be well to obtain some idea of the relative amounts of the 
different types represented. For obvious reasons it is, of course, 
not possible to do this with certainty or accuracy. If we assume 
that the areas shown on the geological map are dependent on 
the relative volumes (which may or may not be the case) we 
shall get an estimate, which, though very far from being accurate 
or wholly satisfactory, may be considered provisionally to 


express the relation in a general way, and which will probably 


be sufficient for our present purpose. 
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An examination of Mr. Sears’ map, together with a considera- 
tion of my own observations, permits me to estimate, 7m a very 
rough way, the relative percentage areas given in the following 
table, in which are also given the relative volumes, reduced to 
percentages, calculated from these data. This estimate, it must 
be observed, includes only the main area of igneous rocks, 
excluding the area of sedimentaries and gneisses, etc., which 
covers the western part of the county, as well as the quartz-dio- 
rite area near Newburyport, since the northerly extension and 


connections of this are unknown to me. 


Rock Area, Volume, 
Granite - . - 30 37-2 
Quartz-syenites - - 24 26.4 
Diorites - - - 28 33-4 
Foyaites - - - 2 0.6 
Essexite - - I 0.2 
Gabbro_ - s . . I 0.2 
Acid Dikes - - - I 0.2 
Basic Dikes' - - - 3 1.2 
Rhyolite? - - - 10 0.6 


It will be seen that the granites and quartz-syenites constitute 
nearly two thirds of the total, the diorites3 one third, while all 
the others make up only three percent. This result is of special 
interest since this region is generally regarded by petrographers 
as essentially one of nepheline-syenites. They occur, it is true, 
but form only a small, though important, part of the complex. 


* Shaler (of. cz¢., p. 583) estimates the area of the dikes of Cape Ann at 5 to Io 
per cent. As dikes are apparently less abundant elsewhere I have reduced this con- 
siderably, especially as my observations lead me to think it too high. 

As these are flow rocks their depth will be small compared to their area, and I 
have therefore estimated their volume at only a tenth of that calculated on the basis 
of the other rocks. 

3I have recently received from Mr, Sears a large and representative collection of 
the diorites of the main western Ipswich-Danvers area. Although time is lacking for 
proper microscopical and chemical study, they are evidently quite basic, and to all 
appearance approximate very closely to those already described, chemically and 


mineralogically. 
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Assuming that the figures given in the table above are 
roughly true (which is quite hypothetical ), it will be of interest 
to calculate the composition of the magma as a whole. The 
results of this calculation, which are admittedly crude and of 
little reliability on account of the character of the data employed, 
are as follows: 

SiO,, TiO., Al,O., Fe,O., FeO, MgO, CaO, Na,O, K,O, H,O, etc. 
65.3 1.0 14.5 , 1.2 4.6 & 3.6 3-7 4.0 0.4 100. 

The result corresponds in general with the idea of the magma 
derived from examination of the analyses, though it is perhaps 
somewhat higher in MgO and CaO, and hence more monzo- 
nitic, than we might have expected. Of the rocks analyzed it 
approaches most closely to that of the akerite (No. X), but it 
shows less SiO, and alkalies, and more MgO and CaO than this. 
A rock of this composition would probably be found among the 
more basic akerites or more acid diorites. 

Leaving this aside for the present it will be evident that the 
main course of differentiation (assuming that such has taken 
place), has been to form a large series of granites, quartz-syen- 
ites,and diorites, which pass into one another more or less grad- 
ually through transition forms. Among these there is a quite 
gradual gradation of the oxides, as will be seen on reference to 
the table of analyses. <A rather peculiar feature is the increase 
of Al,O, in the basic members, which is quite unusual. Parallel 
series from other regions analogous to this might be mentioned, 
but it seems scarcely worth while to do so. 

The series of granito-dioritic dikes, which correspond so 
closely both mineralogically and chemically to the granolites, 
must be classed as aschistic’, 2. ¢., which are not separate differ- 
entiation forms of their magmas, but only dike forms of the 
partial magmas which solidified elsewhere as granolites. 

The foyaitic series presents a somewhat different problem. 
These rocks are evidently connected genetically with the main 

* BROGGER p. cit, Vol. I, p. 125. I am in some uncertainty in thus rendering 


into English BROGGER’s words aschist and diaschist. The termination -ic would seem 


to be better than -ous or -ose, which latter is already in use in schistose, denoting 


structure. 
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series, both on geological grounds and petrographical, such as 
the transition forms between the essexite and diorites. They 
represent, however, a distinctly different magma; one not only 
more basic, but richer in Na,O and Al,O, and poorer in CaO, 
MgO, and FeO. They arealso notable for the fact that consider- 
ing their very small amount they are relatively more differen- 
tiated than the main magma. This is in accordance with obser- 
vations on nepheline-syenite regions elsewhere, which, it is well 
known, carry not only a very great number and variety of rare 
component minerals, but also show a comparatively large num- 
ber of rock varieties. 

Since it has been shown that in the granito-dioritic series 
Na,O tends to increase relatively to K,O as SiO, decreases, and 
at the same time as it increases inversely as SiQ,, it follows that 
in the course of a differentiation of such a magma there should 
be an enrichment of Na,O at the basic end. The rocks of the 
foyaitic series may then be held to represent the further differ- 
entiation products of such a basic, soda-rich portion of the main 
magma, this further differentiation taking place in accordance 
with the tendency of magmas rich in soda to differentiate, while 
in the more acid portions the relations would remain more simple. 
This explanation is essentially that of Pirsson* to account for 
the phonolitic dikes of the Judith Mountains. 

Lack of space forbids the full discussion of the foyaitic dike 
rocks, comparing them with the main typesas Brégger has done, 
but the evidence goes to show that the paisanite, sdlvsbergites, 
and tinguaites are probably to be regarded as diaschistic dikes, 
i. e., further differentiation products of the foyaitic magma, and 
not simply dike forms of this. This is analogous to the Chris- 
tiania region, where Brégger? has shown that the dikes of the 
grorudite-tinguaite series are diaschistic. 

The differentiation probably laccolithic—We have now to examine 
the question as to where the differentiation of the Essex county 
magma took place. Are the rocks, as we see them, due to 

*PIRSsON: Eighteenth Ann. Rep. U. S. Geol. Surv., p. 573, 1898. 


? BROGGER : of. cit., p. 127 ff. 
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successive injections of liquid magmas and the differentiates‘ of a 
more deeply seated magma, only part of which was released from 
the reservoir, or are they the differentiates im situ of a body of 
magma which was injected in a more or less homogeneous con- 
dition from below? Is the differentiation, in other words, 
‘deep magmatic,” or “laccolithic?”* Very thorough and care- 
ful field study is necessary to decide this question, study 
which it has not been possible for me to undertake. At the 
same time, certain considerations seem to point to the conclusion 
that the differentiation at Essex county was laccolithic, and that 
the complex may possibly be regarded as a laccolith. I can 
only point out very briefly the facts on which this conclusion 
rests, leaving the further study and settlement of the question to 
others. 

Comparatively very few differentiated laccolithic masses have 
been studied, but those which we know best show a basic border 
and more acid interior, with, in some cases, an intermediate zone 
of medium composition. Prominent examples of these are 
Brandberget, in Gran;3 Carrock Fell* in England, and the 
especially beautiful and instructive ones described by Weed and 
Pirsson, notably, Square Butte,’ Yogo Peak,® and Bear Paw 
Peak? in Montana. 

On looking at the geological map of Essex county,° it is 
seen that the main granite area is to the east, extending in 
large patches from Cape Ann westward,and ending in this 


“ 


‘I use this term as synonymous with and more convenient than “ differentiation 
product. It is formed analogously to the word soluée. 

* BROGGER : Quart. Jour. Geol. Soc., Vol. L, p. 29 ff., 1894, and Erupt. gest. d. 
Christ. geb., Vol I, p- 153, 18904. 

} BROGGER : Quart. Jour. Geol. Soc., Vol. L, p. 31, 1894. 

‘HARKER: Quart. Jour. Geol. Soc., Vol. L, p. 311, 1894, and Vol. LI, p. 125, 
1595. 

S WEED and Pirsson: Bull. Geol. Soc. Am., Vol. VI, p. 389, 1895. 

® WEED and Pirsson: Am. Jour. Sci. Vol. L, p. 467, 1895. 

7? WEED and Pirsson: Amer. Jour. Sci., Vol. I, p. 351, 1896. 

* The map here given is copied from the revised one of Mr. Sears, some omissions 
being made on account of the greatly reduced scale. An attempt has been made to 


show approximately the small foyaite area along the Beverly Shore. 
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direction in a broad zone which runs north-northeast from 
Beverly to Ipswich. Interspersed with the granite and surround- 
ing some of the smaller areas is quartz-syenite, which is not met 
with west of the granitic zone, except in two small patches. 
West of the granite area, and forming also a broad zone running 
north-northeast, is the main area of diorite, which curves around 
to the south, forming the Salem area, and is also met with as 
strips and tongues in the granite areas. West and northwest of 
the diorite are found sedimentary and metamorphic rocks, of 
which something will be said later. The small area of foyaitic 
rocks lies near Salem, south of the western parts of the granite 
and quartz-syenite areas. The gabbro is only met with at the 
extreme south, on the small promontory of Nahant with patches 
of metamorphosed Cambrian sedimentaries. To the south near 
Lynn, and north near Newburyport, are areas of rhyolite, a 
small patch of which is also found at Marblehead Neck, south- 
east of Salem. 

There is then a rather regular arrangement, the acid rocks 
being to the east and the basic diorites surrounding them to 
west and south, lying on the outside next to the nonigneous 
rocks. This is suggestive of the arrangement of the rocks in 
the ordinary type of differentiated laccolith. 

In the next place, according to Mr. Sears’ map and his 
description of the sedimentary rocks,’ we find that the dips of the 
sedimentaries and metamorphosed rocks, which form the western 
part of the county, are in general to the northwest or north- 
northwest, 7. ¢., away from the igneous area. This is also 
suggestive of a laccolithic mass, and the few small areas of sedi- 
mentaries metamorphosed by contact with the igneous rock, 
which are met with here and there through the igneous areas, 
may be considered to be remnants of the original cover. In 
fact, Mr. Sears, himself, indicates the conclusion that the mass is 
an anticlinal laccolith, when he says:* “The position of these 
two metamorphosed crystalline sedimentary beds signifies that 

‘Sears: Bull. Essex Inst., Vol. XXII, p. 1, 1890. 

*SeEARS: Bull. Essex Inst., Vol. XXIII, p. 15, 1891. 
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they are remnants of an anticlinal fold of the Cambrian sedi- 
ments, perhaps produced by the intrusion of the eruptive granite 
magma from .beneath them.”’* 

A further fact, which is in favor of laccolithic differentiation, 
is the radical difference of opinion of the two observers, Wads- 
worth and Sears, who are best acquainted with the region, as to 
the order of succession of the igneous rocks. Leaving the 
dikes out of consideration, and adopting the nomenclature of 
this paper, Wadsworth? gives it as follows, beginning with the 
earliest: gabbro and diorite, quartz-syenite, nepheline-syenite, 
granite, and rhyolite. Sears,3 on the other hand, gives granite, 
quartz-diorite, essexite, diorite, nepheline-syenite, and quartz-sye- 
nite, gabbro, rhyolite. This argument is not conclusive, since the 
differences of opinion are perhaps explicable on the ground of 
lack of good exposures, etc., but in the case of two good 
observers, who made a careful study of the region, they are sug- 
gestive of the fact that there is no ‘‘order of succession”’ in the 
usual sense of the term, and which we would not expect to find 
in the case of a differentiating laccolithic mass of magma. 

Lastly, it may be mentioned that the rocks are just what we 
might expect to find as the differentiates of a magma, such as 
this was, when laccolithically differentiated. The transition types 
which exist between the various members, and the “schlieren,”’ 
such as those in the diorite of Marblehead, are also in favor of 
this hypothesis, as is also the greater abundance of dikes in the 
granites as compared with the diorites, since it seems reasonable 
to suppose that many cracks formed from below would penetrate 
the granite, and not the overlying diorite zone. 

Several objections may readily be brought against this hypoth- 
esis, among which may be mentioned, the asymmetric character 
of the complex and the absence of quartz-syenite between the 
granite and diorite, where we should expect to find it. The first 

‘A similar structure is apparently suggested by Hopps (Amer. Geol., Vol. 
XXII, p. 110, 1899) for the area about Waltham, southwest of our region. 

? WADSWORTH: Geol. Mag., p. 209, 1885. 


3SEARS: Bull. Essex Inst., Vol. XXVII, p. 109, 1895. 
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objection may be met with the fact that such asymmetric lacco- 
liths are known, and are to be looked for in certain conditions of 
the surrounding strata.*. Further, the presence of the coastal 
fault line and the Atlantic Ocean to the east is a sufficient explana- 
tion for the disappearance of a large part of the mass on this side.’ 
The irregularity of the quartz-syenite is a more serious objection, 
and is, perhaps, best explained by the admitted fact that the lac- 
colith must have been of a decidedly irregular shape, owing to 
the conformation of the strata into which it was intruded. It is 
possible, also, that considerable faulting may have taken place. 
The microscope shows that most of the rocks have been sub- 
jected to pressure, such as would be consequent on crustal 
movements. It must be noted that I am here using the term 
laccolith in a broad sense, as Cross and Pirsson have done to 
include ‘‘all thick lenticular (in this case elongated ) masses which 
have domed up the strata, and have over the greater part of their 
area a roof of sediments”? (here largely disappeared through 
erosion, glacial, and otherwise). The actual presence of this last 
feature is not essential to the idea, since any cover may be 
removed by erosion without affecting the original character of 
the mass. 

It may also be remarked that, as far as can be seen, the 
course of differentiation would be the same whether, as in a true 
laccolith, the intruded magma bulged up the overlying strata, or 
entered an arch space formed otherwise.* From the petrological 
standpoint the mechanics of the process are of secondary impor- 
tance. The chief point of my suggestion is that the differentia- 
tion was laccolithic and of a mass zm sifu, and not deep magmatic, 
and the rocks the results of successive intrusions. In the one 

*W. Cross: Fourteenth Ann. Rep. U. S. G. S., p. 236 ff, 1895. PIRSsOoN: 
Eighteenth Ann. Rep. U.S. G. S., pp. 555, 581, 1898. 

?Mr. SEARS (Bull. Essex Inst., Vol. XXII, p. 16, 1890) notes the occurrence of 
Cambrian limestone at Jeffrey’s Ledge, in the Atlantic Ocean, about twenty miles east 
of Cape Ann. , 

3 PIRSSON: Joc. cit., p. 581. 

‘For an example of the latter cf. WaATTs: Rep. Brit. Assoc. 1886, p.670 and Proc. 
Geol. Assoc., 1894, p. 341. 
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case the rocks are all genetically connected, in the other pos- 





























sibly not. 

Conclusion and summary.— My view, then, of the structure of 
the complex and genetic relationships of the rocks of Essex 
county is as follows. The igneous area represents possibly a 
section through an elongated, irregular, anticlinal, laccolithic 
mass, with a N. N. E.—S.S. W. trend, intruded into already dis- 
turbed Cambrian strata. The plutonic igneous rocks represent 
the products of a laccolithic differentiation in this magma, and 
not successive intrusions. The magma was rather acid, rich in 
alkalies and ferrous iron, and possibly did not differ materially 
from the calculated composition given on page 472. This course 
of differentiation produced primarily and most abundantly the 
granites, quartz-syenites, and diorites, with their corresponding 
aschistic dikes as Nachschube. A secondary local differentiation 
of the more basic differentiates of this process gave rise to the 
foyaites and essexites, while the rocks of the paisanite-tinguaite 
series are probably diaschistic dike forms of these. At a much 
later period, after erosion had removed much of the covering of 
the granolites, the rhyolites were erupted, from some unknown 
vents. Lastly, here, as so often elsewhere, the diabases were 
injected into the much cracked complex. 

Comparison with other regions—So much space has been 
devoted to the previous discussion that a few words must suffice 
for this topic. From the references to the Christiania region 
throughout the paper and comparison of the analyses, the general 
correspondence between the two is evident. There are differ- 
ences in details, such as the more acid and somewhat less soda- 
rich character of the Essex county rocks, abundance of diorites 





here and of laurvikites and laurdalites in Norway, etc. But it may 
be said that the general course of differentiation was essentially 
much the same in both, a fact which supports the theory that 
the variations of rocks are largely subject to physico-chemical 
: laws, and are not fortuitous and due to the composition of the 

surrounding rocks and other external circumstances, as Johnston- 
Lavis and Becker would have us believe. 
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A comparison could also be instituted with the other igneous 


rocks of the New England region, going to show that great 
similarities exist. But our knowledge of most of the other igne- 
ous regions of New England and Canada is so scanty that the 
time does not seem ripe for this. It will be sufficient to note 
that some of the rocks of Essex county show great analogies 
with, for instance, those of Litchfield, Maine, and Red Hill and 
Mt. Ascutney, New Hampshire. Farther west, in the Adiron- 
dacks and near Montreal, the character of the magma seems to 
be different, as has been pointed out recently by Cushing,’ 
though there are many resemblances. 
HENRY S. WASHINGTON. 


‘H. P. Cusuinc : Bull, Geol. Soc. Amer., Vol. X, p. 191, 1899. 
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A PECULIAR DEVONIAN DEPOSIT IN NORTHEAST- 
ERN ILLINOIS 


TueE village of Elmhurst is in the eastern edge of DuPage 
county, Illinois, on the Chicago and Northwestern Railway, fif- 
teen miles west of the Wells Street Station in Chicago. On the 
north side of the railway track, about one mile west of the 
station, are the Elmhurst quarries. The rock quarried, which 
is the buff or bluish Niagara dolomite of northeastern Illinois 
and Wisconsin, has been excavated to a depth of about thirty 
feet. 

At this locality the limestone is much fractured by two sets 
of gentle folds whose axes have a general north-west south-east 
and north-east south-west direction, joint cracks being well 
developed. Some of these cracks are several inches in width, 
and are in general filled with a black or blue clay. At one 
point, in the south-east face of the quarry, about eighteen feet 
below the glaciated surface of the rock, one of these joints is 
somewhat enlarged to form a narrow triangular opening about 
six inches in width at the base and about sixteen inches in 
height. This opening, instead of being filled with clay, as are 
all the other larger joints in the quarry, is filled with a breccia 


composed of angular fragments of the adjacent limestone, 


imbedded in a dark brown arenaceous matrix. This matrix is 
abundantly fossiliferous, containing immense numbers of fish 
teeth, and a smaller number of Ziugu/a shells and other brachio- 
pods, which indicate its Devonian age. 

The situation of this most peculiar occurrence of Devonian fos- 
sils, deeply buried in the Niagara limestone, is shown in the 
accompanying illustrations. Figure 1 is a near view, showing 
the Devonian material filling the triangular opening to the left 
of the hammer. Figure 2 was taken from a greater distance, in 


order to show the position of the opening in the face of the 
48 





484 STUART WELLER 
quarry about eighteen feet below the surface. The species of 





fossils recognized are as follows 


Fish teeth. 
Ptyctodus calceolus N and W. 
Diplodus priscus Eastman n. sp. 
Dipiedus striatus Eastman n. sp. 


Brachiopods. 
Lingula ligea H.? 
Orbiculoidea newberryi H.? 

Ambocoelia umbonata Con. 

The most abundant species is Ptyctodus calceolus, whose tri- 

This species is char- 


tors are present literally by the hundreds. 
acteristic of the middle and upper Devonian faunas of the inte- 
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rior of North America. It has been recorded? from Canada, 
Milwaukee, Wis., western Illinois, Missouri, lowa,and Manitoba. 
The Elmhurst specimens are generally smaller than those usually 
found in Iowaand other localities, but there seems to be no essen- 


tial difference in form. The remaining fish teeth are two new 











species of the genus Dip/odus which have been described by Dr. 


C. R. Eastman. 


pn Giee. 


Among the brachiopods, the one identified as Lingula ligea is 
the most abundant. It was originally described from the Ham- 
ilton in New York, but it also occurs in the Upper Devonian of 
the same state and has been recorded from the Devonian in 


* lowa Geol. Surv., 1898, Vol. VII, p. 114; Am. Nat., 1898, Vol. XXXII, p. 476. 
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Nevada. Ambocoeliaumbonata,a single individual of which has been 


observed, is a common Hamilton species in New York, although 
a variety of the same species also occurs in the Upper Devonian. 
Orbiculoidea newberryi, also represented by a single observed 
specimen, has been recognized only in the Waverly series of 
Ohio, near the base of the Carboniferous. 

The presence of Ptyctodus is certainly indicative of the Devo- 
nian age of the fauna, but Dzplodus has previously been recog- 
nized only in Carboniferous strata, and the presence of two 
species of this genus with the Waverly species of Orbiculoidea 
would seem to indicate a very late Devonian age. 

The presence of a fauna of this age in such a situation, is of 
extreme interest. The nearest point where Devonian strata form 
the surface rock is probably in northwestern Indiana, but that 
region is so heavily drift covered, and has been so little studied, 
that the exact distance from Elmhurst to the nearest Devonian 
strata in that direction cannot be determined with accuracy. 
Furthermore, the Devonian strata known in northern Indiana, 
are the black shales, and do not contain a fauna with Ptyctodus. 
The nearest actual outcrop of Devonian is at Milwaukee, Wis., 
eighty miles north of Elmhurst; and the nearest outcrop to the 
west is near Rock Island, Ill., one hundred and thirty miles 
away. At both of these localities Ptyctodus calceolus occurs, but 
the strata are believed to be somewhat older than the material 
from Elmhurst. 

The presence of this Upper Devonian fauna at Elmhurst, bur- 
ied as it is deep down in the Niagara limestone, indicates with 
certainty that during the greater part of Devonian time, the 
region now known as northern Illinois was above sea level. It 
was part of what was probably a large land surface, stretching from 
the Wisconsin land on the north to the Ozark land of Missouri 
on the south. The waters which collected upon this land sur- 
face in part percolated through the underlying rock strata and by 
solution increased the size of many joint cracks. Ata later per- 
iod, near the close of the Devonian, when the sea again occupied 


the region, sand was sifted down into these open joints, and with 
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it the teeth of fishes which inhabited the sea thereabout. It is 
perhaps possible that the opening which has in recent time been 
uncovered at Elmhurst, was during this late Devonian time large 
enough for the entrance of some of these fishes, and that they 
sought this opening for shelter, much as fishes at the present time 
enter similar openings. 

The manner of communication between this opening and the 
surface is not clearly shown in the field, but arenaceous material 





FIG. 3. 


with fragments of fish teeth is seen clinging to the quarry face 
to the left of and above the opening. This material may be 
rather indistinctly seen in Fig. t, being represented by the dark 
blotches upon the lighter colored rock in the position indicated. 
This rock face is one side of a joint whose opposite side has been 
removed, through which there may have been communication 
between the buried opening and the sea bottom above. The 
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Devonian material is not continuous for any great distance back 
from the quarry face, as will be seen in Fig. 3, this figure being 
a view taken nearly at right angles to that shown in Fig. 1, 
after the rock to the right of the opening against which the 
hammer leans in Fig. 1, has been removed. The Devonian mate- { 


rial in the figure is the darker rock above and to the right of the 


hat, the line of demarcation between it and the limestone above : 
being sharply defined ; it is seen to thin out rapidly back from : 
the quarry face. ; 
At the base of the triangular opening, between the two beds i 

of limestone that come in contact at that point, the Devonian ; 
material extends both to the right and to the left for several feet, 
forming a bed an inch or two in thickness between the two lime- 5 
5 


stone beds. This bed has every appearance of having been depos- 
ited upon the lower limestone bed before the upper one was 
laid down, but in reality it was deposited at a much later date in 
a cavity which existed there near the close of Devonian time. 
[he sort of unconformity presented by this occurrence of 
Devonian sediments deeply buried in the Niagara limestone is 
peculiar. No description of any similar occurrence has been 
observed in the literature, and it may be designated by the name 
subterranean unconformity. 
STUART WELLER. 
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DESCRIPTIONS OF NEW SPECIES 





ERN ILLINOIS 


the relative sizes of the median and lateral cusps. 


based on the distribution of detached teeth. 


in different parts of one and the same mouth. 


of these “ genera’ 





OF 
TEETH FROM THE DEVONIAN OF NORTHEAST- 


is wholly without significance. 





DIPLODUS 


ISOLATED tricuspid teeth with a minute median denticle, sim- 
ilar to those of the Carboniferous and Permian genus Pleuracan- 
thus, are provisionally grouped under the name of Déplodus, and 
it has been customary to distinguish the so-called Diplodont 
and Cladodont types of Elasmobranch dentition according to 
; But since the 
discovery of Chlamydoselache in recent seas and the remarkable 
Pleuropterygu from the Cleveland Shale (Upper Devonian), it 
appears that the above types of dentition were common to sev- 
eral groups of primitive sharks, thus vitiating all generalizations 
That species 
founded on such variable and fragmentary remains can have 
only a provisional value, pending the discovery of other parts of 
the skeleton, is further emphasized in the case of some Pleuracanth 


fishes, which have several forms of “ Diplodus”’ teeth occurring 


As will be pointed out in the following, there are forms of 
Phoebodus teeth intermediate between Diplodus and Cladodus. 
This is interesting on account of the close parallelism displayed 
by teeth adapted for piercing among more or less widely sepa- 
rated groups, but as for throwing light on the interrelationships 
The earliest 
and most primitive forms of piercing teeth are typified by Proto- 
dus and Doliodus from the Lower Devonian of Campbellton, 
New Brunswick. C/adodus is first met with in the Corniferous 


limestone of Ohio, and the two new Diplodus species described 


below are the oldest known representatives of that genus. Mr. 


Stuart Weller, who discovered the material and kindly invited 


its description, regards the horizon as Uppermost Devonian. 


The locality is near Elmhurst, Illinois 
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Diplodus priscus sp. nov. (Pl. VII, Figs. 1, 2) 

Teeth minute ; the two principal cusps of dental crown divergent and 
slightly inclined backward, robust, conical, round in section, without lateral 
carinae; coronal surface marked with relatively few, prominent, slightly 
curved striae extending from the base nearly to the extremities on the anterior 
face, but shorter and usually fainter on the posterior face. Median denticle 
slender, sometimes much reduced, or in one specimen apparently wanting 
altogether. Anterior border of root slightly produced downward ; lower surface 
concave, elliptical in outline ; posterior button present. 

About a dozen examples (chiefly fragmentary) of this spe- 
cies were obtained by Mr. Weller, the largest of which has a 
total height of 8mm. One fragment, consisting of the root 
only, has an elliptical, concave base, with axes measuring 5 mm 
and 7mm; a similar but smaller root has axes of only 2mm 
and 3mm respectively. Each of the cones shown in Fig. 2 has 
eight vertical striae on the anterior face, but if any were present 
on the posterior face, they occurred higher up than on the part 
preserved. The length of the median denticle is conjectural, as 
the tip is missing from all specimens. The intermediate space 
is occupied by a groove in the tooth shown in Fig. 2, and to all 
appearances no denticle was present here. This, of course, must 
be looked upon as an exceptional variation. 

Diplodus striatus sp. nov. (Pl. VII, Figs. 3, 4) 

Of this species only a few fragments were obtained by Mr. 
Weller, the largest and most perfect being shown in the accom- 
panying figures. It attains apparently about twice the size of 
the preceding form, and is readily distinguished by its finer stri- 
ation, shallower root, and somewhat compressed section of its 
principal cones. The striae on the anterior face all curve uni- 
formly in a spiral direction (Fig. 4, left-hand figure), but on the 
posterior face the tendency is to curve outward on either side of 
the median line to the lateral margin of the cones, where they 
terminate, exactly as in some species of Cladodus (e. g., C. striata- 
tus Ag.). This condition is partially indicated in the right-hand 
illustration of Fig. 4, but other specimens show it more dis- 


tinctly. One or two fragmentary cones have the striae less 
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prominent and less numerous on the posterior face, and near 
the base they may become obsolete altogether. None of the 
specimens show the full length of the median denticle, but it 
was apparently long and slender. Further material will be 
required before the characters of this species can be adequately 


defined. 
Phoebodus politus Newberry (Pl. VII, Fig. 5) 


The two new species of Diplodus described above differ from 
most Pleuracanth teeth in an important character which they share 
in common with Cladodont dentition, and that is the striation of 
the coronal surface. The concave under surface of the root, 
peculiar projection of the front margin shown in Figs. 1, 2, and 5, 
together with the posterior “‘button,”’ are features quite as char- 
acteristic of Phoebodus as of the two species of Diplodus just con- 
sidered. As already stated, the form of teeth exhibited by 
Phoebodus is intermediate between Cladodus and Diplodus. Start- 
ing with the latter genus, the transition to Phoebodus is accom- 
plished by imagining the median denticle to increase in size 
until it equals the lateral cones. Further increment in size of 
the median cone, or reduction of the lateral cusps, which 
amounts to the same thing, transforms the tooth into Cladodus. 
It is noteworthy that in Cladodus, when several lateral denticles 
are present, the outermost are almost invariably the strongest, 
and the smaller ones would thus correspond to the intermediate 
denticles of Phoebodus. 

Phoebodus politus and other Devonian species have the inter- 
mediate denticles well developed, as shown in Fig. 5, but in an 
unpublished’ species discovered by Professor W. C. Knight in the 
Permian of Nebraska, and also in the Triassic P. drodiet, only the 
three principal cones are present. While the coronal surface is 
striated in the earlier species of Phoebodus, it later becomes 
smooth, and the same observation holds true of Dipflodus. All 
three genera under consideration appear to have had teeth 


*The original specimen is listed as “ Diplodus sp. nov.’ in Professor Knight's 
article on The Nebraska Permian in the last number of this JOURNAL (pp. 372-374). 
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complicated in one way or another in the beginning, eventually 
becoming more simplified. But, although mutual resemblances 
and even intergradations exist, these all seem to be due to paral- 
lelism of adaptive modifications. 
C. R. Eastman. 
MUSEUM OF COMPARATIVE ZOOLOGY, 


Cambridge, Mass. 


EXPLANATIONS OF FIGURES. 


Fic. 1,2. Diplodus priscus sp. nov. Anterior face. 
Fic. 3. Diplodus striatus sp. nov. Anterior face. 
Fic. 4. Diplodus striatus sp. nov. Anterior and posterior views of a large 


detached cone, apparently belonging to same species as Fig. 3. Originals of Figs. 
1-4 from Upper Devonian, near Elmhurst, Ill. 

Fic. 5. Phoebodus politus Newb. Anterior face. Cleveland Shale, Lorain 
county, Ohio. Original in Museum of Comparative Zodlogy, Cambridge, Mass. 


All figures enlarged five times the natural size. 














DIPTERUS IN THE AMERICAN MIDDLE DEVONIAN 


Last summer, while engaged in field work in Muscatine 
county, Iowa, the writer found a tooth of Dipterus calvini East- 
man in the Cedar Valley limestone at Fairport, on the north 
bank of the Mississippi. It belonged to a horizon some eight 


or ten feet below the highest ledges of this limestone exposed 





Fic. 1.—A tooth of Dipterus, sp., from the base of the Cedar Valley limestone, 


near Buffalo, lowa, natural size. 


in the county. A few feet below these ledges there are seen 
two black layers of porous bituminous rock." 

This horizon is characterized by a fauna more rich in lamelli- 
branchs and gasteropods than that of the ledges below. There 
is also to be found one or two species of Cranaena and a form 


of Strophaeodonta demissa with coarser costae than usual. This 


* These ledges have been called the Straparollus ledges. See lowa Geol. Surv., 
Vol. IX, Pl. VI 
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fauna comes in above the ledges from which Owen collected 
fossils that he referred to the Chemung (‘ Spirifer euruteines,”’ 
etc. }. 

Lately I have found another somewhat more strongly tuber- 
culated tooth of Dipterus, (see Fig. 1) near Buffalo, lowa, at a level 
about 25 feet lower down in the same limestone. The ledge from 
which this tooth came, contains Sériatopora rugosa and Megisto- 
crinus latus. It is directly under the ledges in which Spirifer 
parryanus first appears. It has yielded teeth of Ptychtodus and 
fragments of Dinichthys pustulosus. Some coral-bearing ledges, 
full of fossils, lie four or five feet above it. The ledge belongs 
to the Hamilton as described by Worthen in Rock Island county, 
Illinois, on the opposite side of the Mississippi, and comes in 
some fifteen or twenty feet above its base. 

While this fish is reported from the Lower Devonian in 
Europe and Great Britain, it has not before this, I believe, been 
observed as low down as the Middle Devonian in America, to 
which age American geologists have referred the fauna of this 
limestone. 


J]. A. UpDEN. 


?Megistocrinus bed. Iowa Geol. Surv., Vol. IX, Pl. VI. 














STUDIES FOR STUDENTS 


A CENTURY OF PROGRESS IN PALEONTOLOGY 

Tue presence of fossils in the rocks was observed by the 
ancient priests of Egypt, by the Brahmans of India, and by many 
other ancient peoples. In some cases the bones of gigantic 
mammals, such as the mammoth and mastodon, were observed, 
and, being considered as human bones, they gave origin to many 
of the beliefs inthe existence of races of giants. The Greeks 
and Romans also observed fossil shells, bones, and plants, and 
some of their philosophers speculated as to their origin, although 
little or no progress was made in their study. Some of these 
men believed that the shells found preserved in strata far inland 
were really the shells of once living animals, while others, with 
Theophrastus, ‘‘supposed them to be produced by a certain 
plastic virtue latent in our earth.” 

It was not until the early part of the sixteenth century that 
geologic phenomena began to attract the attention of the Chris- 
tian nations. At that period an animated controversy sprang up 
in Italy concerning the true nature and origin of marine shells 
and other fossils found abundantly in the strata of the penin- 
sula. In the year 1517 extensive excavations were made in 
Verona, which brought to light a multitude of curious petrifac- 
tions, and furnished matter for speculation to different authors. 
Among these was Fracastoro, who declared ‘“‘ that fossil shells 
had all belonged to living animals, which had formerly lived and 
multiplied where their exuvie are now found.” He exposed the 
absurdity of having recourse to the plastic force of Theophrastus, 
which had power to fashion stones into organic forms, and also 
demonstrated the futility of attributing the situation of the shells 
in question to the Mosaic deluge, a theory that was obstinately 
defended by some.  Fracastoro, however, had but few com- 
panions in his clear and philosophical views, and for nearly 
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three centuries two simple and preliminary questions were 
vigorously discussed — (1) whether fossil remains ever belonged 
to living creatures, and (2) whether, if this be admitted, all the 
phenomena could not be explained by the deluge of Noah. 

Throughout all this long controversy regarding the nature 
and origin of fossils, little was done in the way of description of 
fossil forms; but with the reformation of the system of nomen- 
clature by the introduction of the binomial system, instituted by 
Linnzus during the latter half of the eighteenth century, the 
way was opened for a more accurate description of fossils than 
had been practicable previously. Linnzus himself described 
and named some species of Silurian fossils from Sweden, among 
which may be mentioned the well known and widely distributed 
Atrypa retitularis and Halysites catenulatus, although the genera in 
which these species are now placed are of later date. 

The real scientific study of fossils may be said to have begun 
with about the opening of the present century. William Smith 
(1790), in England, had recognized the value of the fossil con- 
tents of the rocks in tracing the strata over extended areas, but 
he did not devote his time to the description and naming of the 
fossils which he found. At about this same time rich stores of 
beautifully preserved fossils were discovered in the immediate 
neighborhood of Paris. The labors of Cuvier and Brougniart 
upon the vertebrates, and of Lamarck upon the fossil shells of 
this area, constitute some of the earliest really scientific investi- 
gations of fossil organisms. In fact, it may be said that Cuvier 
laid the foundation of the science of paleontology, when in 1797 
he called attention to the fact that elephant bones discovered in 
the Paris basin were different from the bones of living species, 
and thus drew a distinction between living and extinct animals 
as implying present and past groups of living organisms. 

Many of the works on paleontology published in the early 
part of the present century exhibited little or no attempt at 
classification of the materials described. The classic work of 
James Sowerby, entitled “ Mineral Conchology,”’ which was pub- 
lished in seven volumes, the first of which bears the date 1812 











498 STUDIES FOR STUDENTS 


on the title-page, and the sixth 1829, a work in which very many 
of the species of British fossils were originally described, may be 
taken as a type of this group of works. In the arrangement of 
the matter included in these volumes no attempt is made at 
classification, either zodlogically or according to the geologic 
horizons in which the fossils were found. It is simply a paleon- 
tologic scrapbook, as it were, of descriptions and illustrations of 
fossil species. One plate, with its accompanying descriptions, 
may be devoted to Tertiary gastropods, the next to Paleozoic 
brachiopods, a third to Cretaceous ammonites, a fourth to Ter- 
tiary gastropods again, and so on, the total number of plates in 
the whole work being 648. 

Following the early period in which there was to a great 
extent an absence of classification, the classificatiof of fossils 
gradually developed along two distinct lines. On the one hand, 
with the increase of knowledge and with the progress in taxon- 
omy of living organisms, the zodlogical classification of fossils 
made rapid strides, and many orders, families and genera founded 
wholly upon fossil forms were established, and were fitted into 
the scheme of classification of all organisms, making it far more 
complete than it could ever have been made from the study of 
living organisms alone. On the other hand, there grew up a clas- 
sification of fossils into faunas, so that a whole series of extinct 
faunas, from the earliest Paleozoic time to the recent, were recog- 
nized. It also gradually came to be established that the sequence 
in time of extinct faunas, in their larger characteristics, was the 
same for all parts of the world where fossils were found. 

For many years these two systems of classification of fos- 
sils went forward hand in hand, but with the development of 
the science the two paths along which progress was being 
made became more and more divergent, until at the present 
time the two divisions of the subject have become fully differ- 
entiated. 

It is of interest to trace the differentiation of these two lines 
of progress in the life work of such a paleontologist as the late 
James Hall, whose career extended over more than half a century. 
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In the earlier volumes of the paleontology of New York, the 
faunal classification of fossils is predominant. Many new species 
and genera are described as members of the faunas under discus- 
sion, there being no elaborate investigations into the natural tax- 
onomic grouping of organisms. In volume four of the work we 
begin to see the deviation of the line of investigation toward the 
biologic side, the faunal grouping being made subordinate to the 
taxonomic. This same subordination is seen in volumes five, six, 
and seven, while in volume eight we find the faunal classification 
entirely displaced, and the whole volume devoted to the treat- 
ment of the genera of Paleozoic brachiopods. We have, there- 
fore, inthis series of volumes an exhibition of the development of 
the science as illustrated by the life work of one man, from the fau- 
nal classification in 1847, through the mixed faunal and biologic, 
to the purely biologic classification in 1894. 

This differentiation of the science, which has become nearly 
accomplished at the present time, is well exhibited in the charac- 
ter of the paleontologic monographs which have been published 
during the past decade or less. On the one hand such works as 
Wachsmuth and Springer’s monograph of the ‘‘Crinoidea Came- 
rata,’’a work which is strictly biologic in its treatment of this 
extinct order, is an illustration of one division of the subject, and 
on the other hand may be mentioned Walcott’s ‘ Fauna of the 
Olenellus Zone,” where the biologic treatment of the fossils is 
made entirely subordinate to their faunal associations. 

While these two branches of paleontologic science have been 
differentiating, the older method of investigation has by no means 
disappeared, and during this whole century of progress there 
have been appearing constantly contributions to paleontology of 
the “scrapbook” order. Among the more recent of these made 
upon a large scale may be mentioned the series of bulletins which 
have been issued from the Illinois State Museum of Natural His- 
tory during the past decade. In these contributions some 
hundreds of species have been described, belonging to various 
classes and orders of organisms and from various geologic hori- 
zons, but they have contributed little or nothing either to the 
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taxonomy of the subject or to the faunal relationships of the 
fossils described. Such work, however, is valuable even today in 
so far as it is accurately done, because it relieves the investigator 
in the more special lines of research from a vast amount of 
labor. Every species of fossil must have a name as a sort of 
handle by which it may be manipulated, but with the more spe- 
cial workers in the subject, the description of species and the 
giving of names is but a means to an end, the discovery of new 
species not being the ultimate result sought after. 

The biologic division of paleontology consists of the study 
of the structure and organization of individuals, of their ontoge- 
netic development, of the relationship of species to species and 
of genera to genera, and of their phylogeny, all with the ultimate 
end of establishing as nearly as possible a natural classification of 
all organisms. A large proportion of all the work being done 
today among fossil vertebrates comes into this category. Among 
the invertebrates much work of a high order is also being 
accomplished. The recent contributions by Beecher upon the 
structure, ontogeny, and classification of trilobites and of brach- 
iopods may be mentioned, also the contributions by Hyatt and 
others upon the cephalopods. 

The faunal study of fossils is intimately connected with geol- 
ogy, in fact no history of the earth, from the period beginning 
with Cambrian time, can be made complete when the life history 
is excluded, and for this reason this faunal study of fossils is 
coming to be called paleontologic geology. Instead of taking 
a single species or any taxonomic group as the unit of study, as 
is done by the biologist, organic societies, those organisms which 
lived in a single locality under similar environment during a lim- 
ited period of time, are the subjects of investigation. The fossil 
societies or faunas are dissected into their various elements, their 
relation to the environment in which they existed are studied, 
their relations to neighboring societies or faunas, both in time 
and space, and their migrations are the subjects of investigation. 
The study is a history of organisms in its broadest sense, and it 


is just as truly an historical study as is the study of human his- 
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tory. In fact many parallels may be drawn between this history 


of faunas and the history of the races of men. 

Those organisms which are preserved in the sedimentary 
rocks, and among which our historical investigations may be car- 
ried on, are to a large extent the marine organisms which inhab- 
ited the shallow seas which have existed in past time upon the 
continental platforms, both on the borders and in the interiors of 
the continents. The life of the dry land, that of the fresh 
waters, and the aérial life, cannot have been preserved except 
under exceptional conditions. The ancient life of the abysmal 
depths of the oceans is unknown to us because of the entire, or 
at least approximate, absence of abysmal sedimentary deposits 
upon the continents. 

Among the earlier geologists of the century, whose indi- 
vidual observations were limited to comparatively small geo. 
graphic areas, at a time when the literature of geology and 
paleontology was but limited, the notion grew up that identity 
of fossil species and identity of age of the strata containing the 
fossils always went together. But gradually, with the increas- 
ing knowledge of living marine organisms, especially of their 
geographic distribution into more or less distinct provinces 
limited by physical conditions such as temperature, depth, ocean 
currents, purity of water, etc., and with the broadening knowl- 
edge of fossils themselves, when it came to be realized that the 
same organisms did not live everywhere at the same time in the 
past, but that, as now, there were also during all geologic time 
distinct zodlogic provinces inhabited by distinct faunas, and, fur- 
thermore, that these provinces were constantly changing their 
geographic boundaries, then the task of accurate or even 
approximate correlation of strata over any great distances from 
their fossil contents seemed to become almost hopeless. Indeed, 
so hopeless did the task seem to some that in 1862, in his pres- 
idential address before the Geological Society of London, Hux- 
ley’ said: ‘For anything that geology or paleontology are able 
to show to the contrary, a Devonian fauna and flora in the British 
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Islands may have been contemporaneous with Silurian life in 
North America and with a Carboniferous fauna and flora in 
Africa. Geographical provinces and zones may have been as 
distinctly marked in the Palzozoic epoch as at present, and 
those seemingly sudden appearances of new genera and species, 
which we ascribe to new creation, may be simply results of 
migration.” 

It was doubtless due to this seemingly more or less chaotic 
condition of the geographic distribution and the geologic range 
of fossils, that the majority of the students of extinct life during 
the latter part of the century have turned their attention to the 
biologic rather than to the geologic problems involved ; but these 
very investigations which the biologists have made have mate- 
rially assisted the paleontologic geologist in his researches. The 
biclogic paleontologist may, and often does, carry on his investi- 
gations and make valuable contributions with little or no knowl- 
edge of the geologic phases of the science save the more or 
less dogmatic assertions of text-books. But the paleontologic 
geologist must of necessity follow closely the results of his bio- 
logic brother, though his own investigations may be something 
entirely different. In fact, the perfection of the taxonomy of 
fossils is to the paleontologic geologist but one of the means to 
an end, and not the ultimate end sought. The two divisions of 
the science may be compared with the ancient and the modern 
methods in the study of human history. The biologic division 
may be compared with the older method of historical study, in 
which the lives of a few conspicuous characters monopolized the 
whole study. On the other hand, the investigations in paleon- 
tologic geology may be compared with the modern scientific 
study of history, in which the evolution of society is made most 
prominent, the conspicuous characters being considered as the 
results of social conditions rather than as their causes. 

At the present time it is believed by most, if not all, geolo- 
gists and paleontologists that the great geologic systems repre- 
sent practically the same time-periods throughout the world. 
It is also believed by many that the limits of the recognized 
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geologic periods, in so far as they are really natural divisions of 
geologic time,’ are practically contemporaneous. It is also 
believed that about three divisions in each period may be usually 
detected with much certainty throughout the world, although the 
constitution of the faunas may vary to a considerable degree. 

It becomes the task of the paleontologic geologist to inves- 
tigate the fossil faunas, the organic societies of past time. 
Through a study of the geographic distribution of species and 
genera and their relationships to preceding and succeeding 
forms, the approximate limit of the zodlogic provinces of past 
time are determined, and from these data approximate restora- 
tions of the ancient geography are made. From a study of the 
changing physical conditions and the changing faunas are deter- 
mined the migrations which we now know to have taken place 
and which Huxley suggested as a cause of sudden changes of 
fossil faunas. 

Among fossil faunas as a whole there are two conspicuous 
types, (1) the cosmopolitan faunas and (2) the provincial faunas. 
At different periods of the earth’s history these two types of 
faunas have been dominant. During Silurian time, for instance, 
there seems to have been in existence a great cosmopolitan, 
shallow-water, marine fauna, which is repreSented in America, in 
Europe, in Australia, and New Zealand, and probably will be 
discovered also in the other continents. The conditions for the 
development of such a fauna seem to have been the presence of 
widespread, shallow seas upon the continental platforms, epi-con- 
tinental seas, as they have recently been called.* With broad 
seas of this sort around the borders of the continents, and 
extending into the interior by means of great tongues or lobes, 
and with conditions approximating base-levels upon the land, 
there would be a great limestone forming epoch, and with the 


probable atmospheric conditions of such an epoch the tempera- 


*See “ The Ulterior Basis of Time Divisions and the Classification of Geological 
History,” by T. C. CHAMBERLIN, Jour. GEOL., Vol. VI, p. 449. 
?Jour. GEOL., Vol. VI, p. 602. 


3Jour. GEOL., Vol. VI, p. 609. 
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ture conditions upon the earth would be far more nearly equa- 
ble than they are today, so that the same species could live both 
in the tropics and in the polar regions, as the distribution of the 
fossils indicates to have been the case. Under such conditions 
the shallow-water marine organisms would have the most favor- 
able opportunity for intercommunication with all parts of the 
world, and there would be developed just such a cosmopolitan 
fauna as we know existed in Silurian time. 

The Devonian period gives us a good illustration of the pro- 
vincial typeof faunas. During this period the shallow-water marine 
faunas exhibit a great diversity in various parts of the world. The 
Devonian faunas in New York, or even in southern Illinois, have 
less in common with those of Iowa, than have the Silurian faunas 
of the interior of North America with those of Europe or even 
with those of Australia. The Devonian faunas of Europe are also 
different from the American, and, furthermore, they differ among 
themselves. In South America and other parts of the earth there 
are still other types of Devonian life. The evidence afforded by the 
distribution of species and genera indicates without a doubt that 
the provincial development of faunas was one of the most con- 
spicuous characteristics of the period. This type of develop- 
ment was, of course, brought about by the greater or less isola- 
tion of great shallow-water tracts in different parts of the world, 
in each of which the evolution of the life progressed along its 
own peculiar lines, molded by the particular environmental con- 
ditions which obtained in each tract or province. Because of 
the more or less complete isolation of these various provinces, 
and the absence of shallow-water paths along which intercom- 
munication between distant parts of the earth was possible, the 
development of a cosmopolitan fauna such as existed in Silurian 
time was out of the question. 

In addition to the provincial development of the Devonian 
faunas, the life history of the period is complicated in a still 


further degree by reason of the continuous changes in the 


"See “A Systematic Source of Evolution of Provincial Faunas,” by T. C. 
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geographic limits of the provinces themselves. The major 
development of the several great Devonian provinces was, in all 
probability, in shallow seas upon the borders of the continents, 
and the more important changes in their areal distribution was 
probably due to the cutting away of barriers formed by the more 
or less elevated rim of the continents, and the extension of lobes 
of the sea into the interior, so forming interior epicontinental 
seas. It is in the sediments of these interior epicontinental 
seas that the greater portion of all our Paleozoic life records 
are preserved. The borders of the continents are the chief 
regions of disturbance during periods of dynamic activity, 
so that the records of the life in the normal border prov- 
inces of such a period as the Devonian are to a great extent 
destroyed. 

If we were able to possess ourselves of sufficient data in 
regard to the border provinces, it is probable that no sharp life 
breaks would be found, but in the interior epicontinental seas, 
the case is very different. By the slow cutting away by erosion 
of the barrier rim, or by the local sinking of the land, communi- 
cation is established successively between the interior seas, and 
first one and then another of the great border provinces, and 
there are successive incursions of very different faunas, which 
make their appearance in the interior very suddenly, although 
their evolution has been in progress in some border province 
during a long lapse of time. As an illustration of such a sudden 
appearance of a fauna into an interior epicontinental sea, the 
fauna of the Corniferous in eastern North America may be 
mentioned. This fauna with its large number and variety of 
corals, its great number of cephalopods including the first goniatite, 
and, most of all, the host of armored fishes, appears with com- 
parative suddenness, probably from the north through Hudson 
Bay, and includes many organisms which could not possibly have 
been derived from the preceding Devonian faunas, the Oriskany 
and Helderberg. The evolution of this fauna had probably been 
in progress during all the preceeding time since the Silurian in 


its more or less isolated province, but its appearance in the 
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interior epicontinental sea of Devonian time in eastern North 
America was relatively sudden. 

Such a sudden appearance, in a series of sedimentary rocks, 
of a new fossil fauna, with apparently no genetic predecessors in 
the immediate region, may be compared with the sudden appear- 
ance in North America during the sixteenth century of the 
advanced culture and civilization of Europe among the savage 
tribes which had occupied the continent previous to that time. 
Although the appearance in America of the white man with his 
advanced culture was sudden, and his influence spread so rapidly 
that it soon drove into practical extinction the preéxisting and 
less advanced culture of the Indian, it was really the culmination 
of a long and gradual development, in Europe, of the art of 
building and sailing ships. In a similar way the sudden appear- 
ance of a new fossil fauna in a series of sedimentary rocks may 
be but the culmination of some physical change which has been 
in progress during an extended period of time. The submerg- 
ance or the erosion of a land mass may be slow, and may con- 
tinue through a long lapse of time, but the culmination of the 
phenomenon will be when the land passes below sea level, thus 
removing a barrier and allowing the immigration of a marine fauna 
into a region previously occupied by a very different assemblage 
of organisms. The conflict following such an immigration may 
be compared with the conflict between the Indian and the Euro- 
pean cultures in America. 

The resulting fauna from any such incursion and mingling 
within an interior sea, as has been described above, will of course 
be different from either of the original faunas. The Corniferous 
fauna in eastern North America, in addition to that element 
which came in from the outside, contains also an element which 
may be traced directly back to the preceding Oriskany or Hel- 
derberg faunas which had inhabited the same region. When the 
German tribes made their incursions into the Roman Empire, 
bringing in a new culture, the old Roman civilization and culture 
was not entirely destroyed, but there was built up a new civiliza- 


tion and a new culture, differing from either the Roman or the 
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German, which included elements from each. In the same way 
a resultant fauna, formed by the mingling of two or more faunas, 
will contain elements from each which can be detected by a care- 
ful study and dissection of the entire assemblage of organisms. 
In general, the species in any fossil fauna fall into one of two 
categories: (1) indigenous evolution species, or those whose 
ancestors have lived in the same region and whose evolution has 
there taken place, and (2) immigration species whose ancestors 
have lived in some other geologic province and whose sudden 
appearance in the fauna under consideration is due to an immi- 
gration from the outside. It is the work of the paleontologic 
geologist to investigate each species of the fauna he may be 
studying, to determine in which category each belongs, and in 
the case of the immigration species to determine in what part of 
the world or in what geologic province its previous evolution 
has taken place, and what are the probable paths of migration. 
In the historical study of fossil faunas it is interesting and 
suggestive to draw parallels with the history of human races. 
Until comparatively recent times there has been a remarkable 
provincial development of the races of men. Among the more 
primitive peoples a range of mountains or a great river was a 
sufficient barrier to prevent migration, because, as in the case of 
the provincial faunas, they had not means at hand for intercom- 
munication between the separated provinces. But there has 
been a gradual development among the human races, of means of 
communication, first by beasts of burden and later by mechanical 
devices, until today, through the agency of the great ocean 
steamers, the transcontinental railways, and the telegraph, no 
corner of the inhabitable earth can be said to be isolated. With 
the increased facilities for intercommunication, there is being 
developed a great cosmopolitan human race, which will in time 
inhabit the whole earth, just as in far-away Silurian time there 
was developed, by reason of the widespread shallow waters upon 
the continents, a cosmopolitan fauna which reached from North 
America to Australia. 
The questions involved in this faunal history of the earth are 
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complicated, but the fossils imbedded in the rocks are the data, 
and these are far more indisputable than are the data upon which 
ancient human history is being built. A recent writer gives the 
following definition of ancient history:* ‘‘A confused jumble of 
traditions, distorted to suit special pleaders; then rejumbled, and 
mixed, and confused, and redistorted according to the design of 
each new writer—the story of noble actions of big-minded men 
recast in the crucible of petty intellects, untrained in public life 
and unfit to grasp even the commonplace—the story of petty 
actions seized upon by enthusiasts and exalted into a nobility 
which would have been beyond the recognition of the original 
actors—all sorts of stories attempted to be told by weak, inca- 
pable men without purpose, or by unconscientious men or wilful 
liars with a purpose —obscure acts twisted into curious shapes in 
the brains of industrious writers—truth taken by well-meaning 
men and so changed by ignorance and lack of comprehension 
and unfitness to judge that it loses all semblance of its original 
self and becomes a misshapen, irrecognizable, utterly twisted and 
contorted thing, without much more than a vestige of fact upon 
which it is supposed to be based. This is ancient history.” If 
the human historian is able to build up a story of the human race 
from such data, how much more certainly will the paleontologic 
geologist, by diligent study and investigation of his absolutely 
indisputable data, be able to build up a creditable history of the 
life of the earth since Cambrian time. 
STUART WELLER. 


THE UNIVERSITY OF CHICAGO. 


‘JOHN BRISBEN WALKER, in The Cosmopolitan, March 1899, p. 476. 























EDITORIAL 


‘‘ApoutT a Reform in Nomenclature” is the title of a com- 
munication in the issue of Sczence for July 28, by A. L. Herrera, 
of the National Museum of Mexico. Preliminary to a specific 
suggestion, attention is called to the almost insupportable burden 
into which the nomenclature of the natural sciences has grown 
and to the imminent need of reform. The meaninglessness of 
many current names is a serious hindrance to the dissemination 
of science. ‘The language of science is more difficult than sci- 
ence itself.”’ 

The need of reform can scarcely be urged too strenuously, 
and every voice raised in its interest is welcome. There is, 
nevertheless, occasion for great circumspection in the adoption 
of substitutes for the present names. It is possible, perhaps, to 
make matters even worse than they now are. There is some 
ground for the suspicion that this might be true of the proposed 
reform, the chief features of which are as follows: 

The generic names of animals to end in us, those of plants 
in a, and those of minerals in z; minerals, to have generic names 
formed from abbreviations of the names of their chemical con- 
stituents, as su/phurzinct, sphalerita; the generic names of plants 
to be preceded by abbreviations of the family names, as Rosa- 
spirea limbata ; with a similar device for the names of animals. 

One of the most serious faults of the present binomial sys- 
tem is its instability, due to changes of reference of species to 
genera. This is especially true in paleontology where the 
original data were imperfect and new discoveries are being con- 
stantly made, and are sure to continue to be made for a long 
time to come. Now, to add the name of the family in the form 
of an abbreviation-prefix would introduce another variable factor, 
one, perhaps, even more subject to change than the generic 
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reference. Furthermore, the addition of the prefix would make 
the already cumbrous nomenclature still more ungainly. Reform 
should move in the direction of simplicity and fixity as well as 
significance. 

In naming minerals there is no occasion for the introduction 
of the bungling binomial system. There would be an obvious 
advantage in deriving the names of minerals from those of their 
chemical constituents, as suggested, but if this is done a uni- 
form terminal syllable is a pedantic superfluity. Sudfozinc would 
sufficiently show that the subject was not a plant or an animal, 
without the terminal 7. So also the sphalerita becomes nearly 
needless and quite incongruous, as it belongs to the meaningless 
system which it is proposed to eliminate. In place of it a sylla- 
ble to express the form of crystallization would carry out the 
fundamental idea. 

The most hopeful suggestion yet made for mineralogical 
nomenclature proposes that the names shall consist simply of a 
combination of syllables which shall indicate the crystalline 
form and the essential chemical constituents, since these are the 
characterizing elements. The main difficulty of such a system 
lies in securing brevity and euphony. It would be easy enough 
to improve upon the present uncouthness in the main, but not to 
reach good phonic combinations in all cases. Much could be 
done, however, by leaving out all useless lumber and all super- 
fluous tailpieces, by reducing the abbreviations to their lowest 
terms, and by giving them the best possible combining forms. 
If this required that some liberties be taken in forming the 
abbreviations it would be merely introducing into language that 
regard fur economy and utility which characterizes progress in 


all the live arts. fe G 
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RECENT BOOKS ON PHYSIOGRAPHY 


Rivers of North America. A Reading Lesson for Students of Geog- 
raphy and Geology. By Isrart C. Russevi. Pp. 326. G. P 
Putnam’s Sons, 18908. 

Earth Sculpture, or the Origin of Land-Forms. By James GEIKIE. 
Pp. 397. G. P. Putnam’s Sons, 1898. 

Physical Geography. By WittiAmM Morris Davis, assisted by 
WILiiAM Henry SNYDER. Pp. 428. Ginn & Company, 1899 


These three volumes deserve the careful attention of teachers and 
students of physical geography and geology, not only in secondary 
schools, but in colleges as well. Some of them should also appeal 
to a large class of readers who are lovers of nature, though their work 
is not in educational lines. 

Professor Russell’s book is well described by its explanatory title, 
“A Reading Lesson for Students in Geography and Geology.” In 
this volume the author has presented in readable form the leading pro- 
cesses and principles involved in the history of rivers. In addition, 
he has introduced, as the title suggests, much descriptive matter con- 
cerning the rivers of our own continent. The matter is not too tech- 
nical for the high school student who is serious in his work, and will 
be read with profit by college students who have rarely had a physio- 
graphic topic so well presented on the printed page. 

The scope of the book is in a measure indicated by the headings of 
the various chapters: The Disintegration and Decay of Rocks ; Laws 
Governing Streams ; Influence of Inequalities in the Hardness of Rocks 
on Riverside Scenery ; Material carried in Suspension and in Solution ; 
Stream Deposits; Stream Terraces; Stream Development; Some of 
the Characteristics of American Rivers; The Life History of a River. 

In treating of these various topics the author has made no attempt 
to be exhaustive, for the book has been prepared, not for the profes- 
sional geographer, but for the general student who has had too little 
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readable matter at his command.’ The advanced student may wish 
that the book were fuller and more explicit at some points, while others 
into whose hands it will fall, will wish it more elementary. Such 
infelicities are not to be avoided, and it would have been difgcult, on 
the whole, to have made a better selection of material. Important 
topics have not been omitted, and unimportant and irrelevant ones 
have not been introduced. Throughout the book the modern nomen- 
clature of rivers has been used, and on this account those who have 
not followed the progress of geographic science during the last ten 
years will find it to their advantage to read the book in course, rather 
than otherwise. 

The volume has some effective illustrations, though their number is 
too small (17 plates and 23 figures in text), which add to its otherwise 


attractive appearan¢ e. 


Professor Geikie’s volume deals with the processes involved in the 
development of topography, and with the results which these processes 
have effected. The first chapter is devoted to a general discussion of 
the agents of denudation. The principles and processes of denudation 
are then studied with immediate reference to land masses affected by 
various types of structure. The topographic forms developed in 
regions of horizontal strata at various stages in the progress of denuda- 
tion and under various conditions are first considered. The same 
principles and processes are then applied to regions where the strata 
are inclined, and the topographic results under these conditions are 
described and illustrated, as in the preceding case. Passing from the 
more simple to the more complex, the effects of denudation*in regions 
of folded and highly disturbed strata are next set forth, and numerous 
cuts are introduced illustrative of the more complex topographic forms 
which result from denudation where the stratigraphy is complicated. 

Che consideration of the topographic forms developed by denuda- 
tion in regions possessed of various types of stratigraphy is followed 
by a consideration of the topographic effects of faults, and of volcanic 
and other types of igneous action. Unfortunately the last of these 
topics is less adequately illustrated than most of the preceding. The 
lack of illustrations here may be less serious than it would have been 
elsewhere, since illustrations of the topographic effects of volcanic 


action are among the most common in our geographies. Nevertheless, 


the absence of abundant illustrations seems to us a defect. 
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Following the discussion of these topics, a chapter is devoted to 
the topographic features which depend for their existence upon the 
character of the rock rather than upon the position of its beds. The 
topographic effects of structure other than stratification and the results 
of the varying composition of rock are considered. 

To the topographic effects of glaciation two chapters are given, and 
while the text is clear, no virtue which it possesses can compensate for 
the entire absence of cuts illustrative of the points described. Nowhere 
are illustrations more needed, and in no field are they more easily 
obtained. The topographic effects of eolian action, involving a brief 
consideration of dunes and of rock sculpture effected by the wind, and 
of the surface effects of underground water, are next considered. In 
the case of the last topic, illustrations are again altogether wanting. 

A chapter is given to the discussion of basins (depressions without 
outlets), and illustrations showing the real nature of basins are intro- 
duced which will tend to correct the prevalent erroneous notions con- 
cerning the shape of these topographic features. The topography of 
coast lines is briefly discussed, and too meagerly illustrated. It is with 
regret that the lack of illustrations is repeatedly referred to, but in a 
book of this sort, which deals almost exclusively with the forms of the 
surface, the lack of illustrations is especially serious. 

The volume closes with a classification of land forms. It is to be 
especially noted that the classification comes in the right place, after 
(and not before) a consideration of the processes of earth sculpture 
and their results, and therefore when the reader is for the first time in 
a position to appreciate the force and the meaning of the classification. 
This is a point which the writers of books intended to be educational 
would do well to note. Many of our text-books are lumbered with 
elaborate synoptical classifications preceding the discussion of the 
things which are classified. When the classification in such positions 
is reached by the student he has no comprehension of its meaning, 
and too often does not refer to it after the chapter is read. 

In spite of the one notable defect which has been referred to, Pro- 
fessor Geikie’s book is to be heartily commended to students and 


teachers of geography. 


Professor Davis’s book differs from the others in being a text-book. 
The author has followed traditional lines to the extent of including 
in the volume a consideration of the atmosphere and the ocean as well 
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as the land; but he has departed from traditional lines in according 
to the former topics but brief treatment, while the larger part of the 
book is devoted to the geography of the land. The author is under- 
stood to believe that the subject of meteorology should be separated 
from that of physical geography (of the land) and pursued as a distinct 
subject in the secondary schools. Whatever may be said of the desira- 
bility of this change, it is not likely to come about at present, and for 
a good while to come such attention as is given to meteorology in the 
secondary schools is likely to be in connection with physical geography. 
If this be true, the consideration of the atmosphere in this volume 
seems to us too brief; on the other hand, the selection of material is 
excellent, and in so brief a space it would have been difficult to present 
a more satisfactory outline of the subject. The inadequacy of the 
treatment, however, appears to be recognized by the author himself, 
who indicates that it should be supplemented by “local observations 
and by the construction and study of weather maps.” Brief appendices 
give some suggestions for this observational and constructional work, 
but the average teacher in the secondary school will find these sugges- 
tions still more inadequate than the text they supplement. Much 
fuller directions will need to be given to teachers in the secondary 
schools before the majority of them can direct the sort of work which 
Professor Davis rightly advises. 

The consideration of the ocean is likewise exceedingly brief (34 
pages). Both the selection of material and its presentation are excel- 
lent, but the small amount of space devoted to the subject is insufficient 
to give even all the important points with which the student of the 
subject, even in an elementary way, should be acquainted. 

As already noted, the larger part of the book is devoted to the 
consideration of the land surfaces, and it is not too much to say that 
the geography of the land is presented in an essentially new light. 
Here traditional lines are not at all followed, and no one whose knowl- 
edge of the subject has been derived from other text-books can read 
this without learning much concerning the subject and concerning the 
methods of presenting it. The descriptive element enters more largely 
into this volume than into most recent books on physical geography. 
Topographic types are illustrated by descriptive references to specific 
areas, many of which have not been well known to professional geogra- 
phers. In other words, concrete illustrations of general types abound, 
and they are drawn from wide sources and are definitely pictured. 
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Plains, plateaus, and mountains as topographic types are considered in 
order, and many illustrations of the various phases of these general 
types, drawn from all parts of the world, are introduced. The treat- 
ment of coastal plains is especially happy. The question might be 
raised whether the idea of the coastal plain is not carried rather far 
when, under the heading of “Ancient Coastal Plains,” areas very dis- 
tant from the sea, and which now have nothing to suggest their 
“coastal” relations, are discussed. Thus “ the ancient coastal plains” 
of Wisconsin seem to us a little remote for consideration in an ele- 
mentary physical geography. The teacher who is a geologist as well as 
a geographer will know how to treat this subject; but it seems to us 
likely that the text will fail to convey the right notion of these “ancient 
coastal plains,” which are no longer coastal plains, to many pupils if 
not to many teachers. 

The important chapters on Rivers and Valleys is excellent, and 
should prove effective with classes if they have the guidance of skillful 
teachers. 

A significant chapter of the volume is entitled Climatic Control of 
Land Forms. Here are considered such topics as the effect of climate 
on streams and their work; salt lakes; the life of arid regions; glaciers 
and ice-sheets and their work. It must be confessed that the fashion- 
ing of the land surface by the continental ice-sheet of North America 
seems doubtfully placed in a chapter with the above title, for while 
glaciation was of course a result of the climate of the time, the topog- 
raphy which the ice fashioned is as really the work of the ice as the 
topography developed by rivers is their work ; and it can hardly be said 
that glaciers and ice-sheets are more directly controlled by climate 
than rivers are. The discussion of glacial topography under the cap- 
tion of Climatic Control of Land Forms, therefore, seems to us not 
the happiest possible arrangement. The volume closes with an excel- 
lent chapter on Shore Lines. Numerous brief appendices are added 
which will be helpful to the teacher of the subject. 

Throughout the volume emphasis is laid on the effects of geogra- 
phy on human development, and references to historical incidents, as 
influenced by topography, are frequent. This is a phase of the subject 
which is most welcome. 

In a book which is so thoroughly good it may seem gratuitous to 
mention defects, but there is one which seems to us somewhat serious. 
There is an occasional lapse into an obscure style, resulting from the 
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introduction of ideas for which adquate preparation has not been made, 
or from the two brief exposition of complex phenomena. The result is 
that the pupil, if not his teacher, will sometimes be staggered. From 
actual experience with a group of teachers, it has been found that a 
large proportion of them do not catch the idea of a cuesta (p. 133), 
and it is not easy to see what good purpose the introduction of the term 
serves, for the pupils who will use this volume. The defect referred to 
above will, it is to be feared, interfere with the usefulness of this very 
excellent book. 

The volume is abundantly illustrated (261 figures and 1o plates) 
and every illustration is to the point. Half-tones have been excluded, 
and engravings put in their place. There can be no question but that 
in most cases the engravings are much more effective than reproduc- 
tions directly from photographs, for the non-essential features are 
omitted, and the essential features brought into prominence. We have 
seen no text-book on this subject in which the illustrations so uniformly 
illustrate the exact points which they were meant to illustrate, and in 
such a way that their meaning cannot be mistaken. 

[he three volumes mentioned above put new and rich resources 
into the hands of teachers and students of physiography, and should 


result in great improvement in the teaching of the subject. 


Transactions of the Kansas Academy of Sciences, 1897-8. Vol. XVI. 


This volume of 320 pages indicates a laudable degree of activity in 
various scientific lines. The presidental address by Dr. S. W. Williston 
on “ Science in Education ” is an admirable exposition of the existing 
status and current tendencies of education in liberal and professional 
‘ines and contains excellent suggestions relative to desirable changes 
in which science shall be a larger factor. The papers in geology and 
paleontology are six in number as follows: Physiography of Southeast- 
ern Kansas, by George I. Adams; Fusudina cylindrica Shell Structure, 
by Alva J. Smith; New Developments in the Mentor Beds, by A. W. 
Jones; Fossil Turtle Cast from the Dakota Epoch, by C. S. Parmenter : 
Deep Well at Madison, Kan., by F. W. Bushong ; Correlation of the 
Coal Measures of Kansas and Nebraska, by J. W. Beede. 
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Towa Geological Survey, Annual Report, 1898, Vol. IX. By 
SAMUEL Cavin, State Geologist; H. F. Barn, Assistant 
State Geologist. 


Statistics of Mineral Production. By S. W. BEYER; Geology o 
Carroll County, H. F. Bain; Geology of Humboldt County, T 
H. McBripe; Geology of Story County, S. W. BEYER; 
Geology of Muscatine County, J. A. UppEN; Geology of Scott 
County, W. H. Norton; Artesian Wells of the Belle Plaine 


Area, H. R. Mosnar. Thirteen plates, 56 figures, 14 maps. 


This volume of the reports of the lowa State Geological Survey 
serves to corroborate the high opinion already established among the 
geologists of the United States of the work of this organization. The 
record of the Iowa survey has been one of uninterrupted excellence in 
both the theoretical and the economic phases of its work. The list of 
the corps engaged in the work of 1898 is of itself sufficient to invite 
inspection of the report. 

Each of the county reports gives a systematic exposition of the 
physiographic and economic features of the geologic field under con- 
sideration, each being emphasized as the peculiar characteristics of the 
district demand. To many ofthe reports is appended a discussion of 
the forestry of the areas studied. 

In the geology of Carroll county the physiography is of exceptional 
interest, since the tract is bisected diagonally by the edge of the Wis- 
consin drift sheet. Consequently the northeastern and southwestern 
parts of the county display topographic features in admirable contrast 
as the result of these relations. The Middle Coon River follows this 
drift margin in a general way, receiving numerous tributaries with sec- 
ondary and tertiary branches from the area of Kansan drift westward, 
while from the Wisconsin drift there is only one important tributary 
and that without branches. The erasure of post-Kansan drainage by 
the Wisconsin invasion is illustrated by a number of examples. The 
Coon River, flowing across the northeast part of the county has con- 
structed a makeshift course from “bits of old captured valleys, and 
new trenches which it has cut for itself.” 

The stratigraphy of Carroll county includes an exposure of a Car- 
boniferous limestone, probably of the Des Moines series. The Creta- 
ceous is represented by several exposures of the Dakota sandstones and 
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conglomerates. Some ofthese conglomerates include silicified Niagara 
and Devonian fossils as part of the clastic materials. A few Cretaceous 
fossils have been identified. Undoubted chalk rock of the Niobrara, 
containing abundant /noceramus ladiatus, is exposed in one locality 
in association with the Dakota sandstone. 

The Pleistocene deposits are considered in detail. A new develop- 
ment from the field investigation is the demonstration that much of 
the extra-Wisconsin drift, hitherto provisionally correlated with the 
Iowan, belongs to an anomalous phase of the Kansan, which shows 
many peculiarities, near the border of the Wisconsin, due either to some 
protecting influence during the period of post-Kansan erosion, or to 
some subsequent modification referable to the presence of the loess and 
the proximity of the Wisconsin drift. The loess is called lowan inage 
and lies beneath the Wisconsin, except at some places where a thin 
mantle of it covers the edge of the latter, evidently as a recent wind 
deposit. The loess of this region is not of sufficient depth to have 
developed its own peculiar type of topography. 

The coal prospect for Carroll county is an exceedingly uncertain 
problem and,in Dr. Bain’s opinion, is to be solved only by the drill, 
and that only at large expense, chiefly because of the great depth of 
the drift. Moreover, the great distance fromthe known outcrops of 
coal make it possible that the productive measures may have thinned 
out altogether in Carroll county. The other mineral resources of the 
county are inconsiderable. The water supply is entirely sufficient. 
The area includes several artesian wells. 

The report for Carroll county is fairly representative of the method 
and character of the work done in the other counties and only special 
details of the other papers demand consideration. Mr. T. H. McBride, 
in the report upon Humboldt county, identifies the Kinderhook and 
Saint Louis of the Mississippian series and the Des Moines of the Coal 
Measures. The latter is covered by the glacial series, of which the pre- 
Kansan, Aftonian, Kansan, Buchanan and Wisconsin are recognized. 

The Wisconsin sheet is merely a thin veneer, conforming to the 
previously established Kansan-Buchanan topography. This is worthy 
of note in the light of other observations on the relations of recent 
drift sheets to underlying unindurated formations. The somewhat 
paradoxical inference is suggested that the ice sheet was normally less 
competent to disturb the surface of a deep formation of loose materials 
than the surface of an exposed indurated rock. A gravel formation, 
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as itwas being overridden, became the basal part of the ice and 
exhausted to a degree its transporting capacity, forming the effective 
load of the natural stagnation zone at the base of the ice. Over a rock 
surface, on the other hand, the ice may have possessed its maximum of 
transporting and abrading power. 

y A unique detail in the drainage of Humboldt county is the practice, 
reported of draining kettle-hole lakes in certain districts by sinking 
wells through impervious layers to a porous stratum. The method 
appears to be effective and economical, though its sanitary bearing 
upon the drinking water of the region may be worthy of consideration. 

A notable feature of Mr. Beyer’s report on Story county, also of 
Professor Udden’s on Muscatine county, is the determination of defor- 
mations. The gentle flexures, of which the Skunk River anticline is a 
type, are suggestive when considered with similar structures which have 
been reported at many points in the exposures of different formations 
across the upper Mississippi basin. The reiterated recognition of such 
structure suggests that the phenomena of crustal shortening have been 
restricted by no means to the mountain belts of the coastal regions 
but that these gentler flexures, affecting such immense areas, may have 
been, inthe aggregate, an equally notable factor in the adjustment of 
the external masses of the earth to internal changes. 

Mr. Beyer gives an excellent report on the stratigraphy, including 
many valuable well records. The discussion of the development of 
the Skunk River system is an instructive physiographic study. The 
course of the pre-Wisconsin channel, the transference of much of the 
Skunk River drainage area to the Des Moines system by the Wisconsin 
invasion, the post-glacial struggle of the stream toward readjustment, 
form the substance of a finely developed discussion. Remains of the 
Mammoth are reported by Mr. Beyer from an excavation four or five 
feet below the surface of the Wisconsin drift. Coal, clay and building 
stones are the economic products of Story county. 

The report on Muscatine county by Professor Udden is characterized 
by carefully derived conclusions and is rendered thoroughly readable 
by the excellent style of presentation, and enjoyable by the variety of 
new and sharply observed phenomena. The stratigraphy of the county 
includes the Gower stage of the Niagara, Wapsipinicon and Cedar 
Valley stages of the Hamilton, Sweetland Creek beds of the Upper 
Devonian, Kinderhook group of the Mississippian and the Des Moines 
stage of the Coal Measures. This article contains an exhaustive discussion 
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of the drift with many close, but distinctly drawn, discriminations. The 
following Pleistocene formations are recognized : anteglacial silts, pre- 
Kansan, Aftonian, Kansan and Illinoian. The anteglacial silt isa new 
division. Itis explained as having been formed by water and wind ahead 
of the invading pre-Kansan ice-sheet. If that be its origin, it might 
properly belong with the pre- Kansan drift and the division would appear 
unnecessary. If every aqueous deposit of the drift should receive a 
special name, the clarifying effects of analysis would soon be lost in 
confusion. The economic products of Muscatine county include coal, 
though in unprofitable amount, small quantities of gas, building 
stones and clay. 

The geology of Scott county, by Professor W. H. Norton, contains 
much fresh information. ‘The passages in the paper dealing with the 
history of the drainage and with the stratigraphy are of special value. 
louching the former, this region is particularly interesting because of 
its location at the southern limits of the driftless area and the con- 
sequent complexity of the drift phenomena arising from the mutual 
interference of the ice lobes at this place. 

The report on the artesian wells of the Belle Plaine area by H. R. 
Mosnat gives a thorough exposition of the geology of the water-bearing 
formation, the amount of the flow and the source of the water. The 
computations rising from the study of flow and supply develop many 
facts which simplify to a great degree the conception of the combina 
tion of conditions appropriate to the formation of artesian wells. A 
most significant passage is that discussing the rate of movement of the 
underground water through materials of different texture. It is 
estimated that nineteen years would be required for the water of the 
aquifer to move in a direct line from Vining to Ladora along the major 
axis of the artesian area. Hence, the writer concludes, the great exhaus- 
tion of the water body brought about at Vining by the remarkable flow of 
the great Jumbo well when it was opened, will not affect the flow at 
Ladora before the year 1965. He also shows the limited extent of sur- 
face actually necessary to supply the water for the aquifer and the ade- 
quacy of the rainfall to produce the supply without any recourse to the 
extravagant superstitions which have made this artesian area “the 
eighth wonder of the world” in the minds of the inhabitants of the 


region. ‘The discussion is closed with a paragraph on the uses of the 


water, which largely relegates the wells to the category of interesting 
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geological phenomena whose practical and economic value is doubtful 


or, at any rate, decidedly limited. 
This volume is carefully printed and amply illustrated by expressive 
and well selected photographs, sections and sketch maps. 
J. W. Fincu. 
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